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ABSTRACT 


Reductions to "thes corresponding hydrocarbons of a 
number of structurally different tertiary nitro compounds 
has been achieved by the use of the initiated reaction with 
tri -pobuty bitin hydrtdesin solvent benzene. | The mechanism 
of the reaction was shown to proceed via a free-radical 
chain process, one of the propagation steps consisting of 
an electron transfer from the stannyl radical to the 
OLGanie nero, Compound «to, formea transivent radical, anion. 
The radical generated from the decomposition of the radical 
anion intermediate is rapidly converted to the hydrocarbon, 
by reaction with the tin hydride regenerating a stannyl 
radical. The facility of the hydrogen transfer step pre- 
cluded the occurrence of undesirable radical-radical or 
radical-substrate reactions. Although the emphasis was 
placed on an understanding of the mechanism, the reaction 
was also shown to be synthetically useful since the 
products were formed in high yield and were easily separ- 


able from their accompanying tin residues. 


PART Li 

The reduction of a number of aromatic ketones by 
trapheny t= yand tri—n-buty tin hydride was ‘studied an 
solvents benzene, acetonitrile and methanol. The reduc- 


tions occurred with some ketones in the absence of an 


-_ oe veal 


re aa aa ls ro 


wee - at 


Cypiats © dni spaynewe ehindalt ait 4@3 shite aotrase 
si) GPer apdenkes asuveivi, oi4 16 calélond wt? 
is. eee enamn ad betula 4 

oF 


SS lessiwa=Moliet pid tssee Gow 
oop S¢eqenes efi igi@iyin +s 
*eidyase ati 
ne- HW Dyan giteelsats 
ee 411262 “CTR Nar Nia 


Ma Usiles4 wus Io 


ert 


i , 


~piakiies 


e! sited? > hrbae 41): > Rima 4 


PY ha sbila caw ph ohehl ao esui-e-aT! bee ~Ligemibe 
AMGi Im Mia 2yjesinelwee .oanarnceet od 
#4 38 Soest! Acts «] oped eae fy hervaicssep 


shies wit 


ne) ebb nha ete 


Va ‘pabseemon: afsie notdendentt wt) fq nen yanenong 

dRG3 isemees 3 wig itd wetoness noutsss® & 
Melee tisiess,, Seskenks? Simip® of limited oxtin chee 
tesiter pris Te paced teepady® ed gers Mptadeeee taxied 1 
seat eae ae qi Cesviaiers ‘Hiue3. 2 ad fibewsatal 


‘246h— 
“I bnkgeathdh ar oben 
nye £4 <2 qwode cele 


ky 7. 


ae 


= ‘ 
> = 
J 
- 


a 
»isoite 


04 ion iiothad 


~ 


eic¢ wae eather 
a 


jo ses 


sas ao27 8 


» | ‘ 
_ 


tis RetIaNbes BAF 


initiator. Evidence is presented that in benzene these 
reductions proceed by a molecule-induced homolytic process 
while in the more polar solvents acetonitrile and methanol 
both induced homolytic and heterolytic pathways are 
followed. 

It is suggested that the induced homolytic reductions 
proceed by an electron transfer process, the tin hydride 
being the donating species. | Under initiating: conditions 
(AIBN) the reactions were shown to proceed by a free- 
radical chain process. The absence of a solvent effect 
upon the yield obtained from the reduction of four of the 
ketones under study suggested that the propagation sequence 
involves the addition of the stannyl radical to the 
carbonyl oxygen followed by hydrogen atom transfer from the 
tin hydride, the final product being the alkoxystannane. 
With the more electronegatively substituted ketones, a,a,a- 
trifluoroacetophenone and w-fluoroacetophenone, the 
propagation of the chain involves electron transfer from 


the stannyl radical to the "carbonyl substrate. 
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INTRODUCTION 


Organic reaction processes involving the transfer of 
an electron from one reactant to another to give radical- 
ion intermediates have been known for almost a century. 

One of the earliest reports of this type of reaction 
occurred in 1891 by Beckman and Paul.1 They apparently 
first recognized that metallic sodium reacts with benzo- 
phenone and other diaryl ketones. The intense blue 
coloration observed in the absence of oxygen and the 
nature of the products were attributed to the formation 
of the radical-anion of the ketones. The free-radical 
nature of these metal ketyls has been confirmed by 
numerous subsequent investigations. *~? 

Later, in 1916 Schlenk19-11 found that triphenyl- 
methyl sodium reduces - number of aromatic ketones. The 
reduction was proposed to proceed through the formation 
Of sodium Ketyl land triphnenylmethyl) radicals. Their spres— 
ence was indicated by the color of the solution which 
upon hydrolysis and atmospheric oxidation yielded the 
corresponding pinacol and triphenylmethyl peroxide 
(Scheme 1). 

In the early 1930's the intermediacy of ketyl and 
trityl radicals was also proposed to explain the con- 


version of aryl ketones into pinacols by triphenylmethyl 


cane xine Se sandgys ee 

aianernet ante Lihipn areca wo 0 Saag 
<ditined \islv eases GabGces ori rasdw Jat: toxlipecre analy : 

geld Grandi wet oatetiaa hyreit yet Gon amore 
982 bak ete 20) sottsety <4) 9) Hee reeily axbtasotop) 
wolves eff of Bedigiitts ci2r essuberig 943 To wiuden 
in zihors-erek OT \earmint of: to oolne-Inglfes off te 

ya theory tt yes nee Gat alylud ieeon eeed? Yo siuged 
7% azides ayo Stdueaatny ane ail 

=iynsryes® sone hier f<- lvdateos ores at . rernd 

O40) sho fee Sese2— MH aston © Orevbe: oul Inte 
bps Jerse? pS Viniegita Sitar e; a Ueecttss soe. onl seb 
wir, ASedT™ asibe!s Tyeid! yediiit ben ied elbok Oe 
(he dm ispbee etre Sornt sl “4 Gelisake? nae sent 
$42 Ceighy mpbeMAiads! 46s ueeadi AW) @lovfesten fom 
shinnasy Lead wel yaad! ot up tooenin pe (repeeiegs « 
i it awadath 

Gad 16340 Mm we Rigassa! of 4‘ Wis clase aad at 
TONS a2 (AG POTS Oarraiee cele tee aieo den ys 
byte enna? pt 2inanldy cine eauaiel dees to 


a ee | of 


ary ~— - - 


SCHEME 1 
Ar,C=0 + Ph,C”Na®™ Nea” <2 TALS (1) 
Hydrolysis O, 
nOmOn 
; ot Ph.C-0-0- (2) 
Ar,C -CAr, 3>-0-0-CPhg 


magnesium bromide,12-13 Here, electron transfer was 
midicated to voccur sfrom the ancipient carbanion of the 
Grignard reagent to the ketone. 

The reduction of diazonium salts by hypophosphorous 
acid was studied by Kornblumt4 in 1950. He found that 
the reaction was accelerated by catalytic amounts of 
oxidizing agents such as cupric sulphate, sodium nitrite, 
etc. , pang) inhibited by small amounts "of quinones “He 
proposed a free-radical chain mechanism, whose propaga- 
tion sequence contains a single-electron transfer to the 
diazonium ion as shown in Scheme 2. 

Nevertheless, prior to 1950 most of the oxidation- 
reduction processes involving only organic species were 
generally believed to occur by pathways in which 
electrons could only be transferred in pairs. In the 


period 1955-1962 the number of exceptions to this 
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SCHEME 2 
Initiation: 
Ar—N=N=Xe0 oe Ar et Not XxX: (3) 
Propagation: 
Ar: + Tey Os A as H,PO, (4) 
N= H_ PO: (yo ee Ree Cer (5) 
Ar-N=N + 2 05 r 2 AMD) 2 


accepted theory, became moremnumerous. A variety Of 
Organic substrates were reported to be involved in single- 
electron transfer processes. Those include donors such 
as anions of ketones,19° mercaptans,1® and hydro- 
carbons,1t/721 organometallics?2 and amines; 23725 and 
acceptors such as iodonium saltsl5, nitroaromatics,l671? 
alkyl halides, 18-22 and activated olefins. 23725 

In 1964 Russel12® expanded the scope of this type of 
reaction. He observed the existence of electron transfer 
for a variety of donor-acceptor systems by monitoring the 
concentration Of radical—anions formed by €.s.u. spec-— 
troscopy. The donors used in this work were anions and 
Organomet aliics.) The acceptors were unsaturated ssyocems 
like azo compounds, olefins, ketones, and nitroaromatics. 


Despite ‘thas Warge body of evidence “the srole ‘cf 


single-electron transfer processes was only adequately 
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recognized among organic chemists when Kornblum and 
Russell proposed a mechanism for the carbon alkylation of 
nitroparattin Salts using p-nitrobenzyl halides. 

The usual mode of reaction of the salts of nitro 
compounds with aliphatic, allylic, and benzylic halides 
is oxygen alkylation. This results simply from nucleo- 
philic displacement of halogen to produce intermediate 
nitronic esters and eventually carbonyl compounds (see 
Scheme 3). This method serves as a useful means of pre- 


paring aldehydes and ketones. 


SCHEME 3 


ane Lane y=N Ce mae ae \an( ano) 
OCH,R 


\a=n/ + RCHO (7) 


During the reactions ©l “a Ssenies Of p-nitrobenzyl 
halides, and specifically with p-nitrobenzyl chloride, a 
second reaction pathway haS a chance to compete and it is 
this second process which results in carbon alkylation, 


as shown in equation 8. 
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No, eae Ae eres R-CHy—1- NO, + X (8) 


On the basis Of rate sStudtes*.e.s.r. detection of 
intermediate species, and the observation of inhibition 
by m-dinitrobenzene Kornblum2/ proposed that carbon 
alkylation; Im contrast to oxygen alkylation, is a 
radical-anion process. The final product emerges from a 
selective coupling of 2=nitro-2—-propyl and p-nitrobenzyl 
radicals... Later, Russell28 and Kornblum22 concluded that 
this reaction is a chain process involving as a key step 
Ene rattack Ot (Lhe p-nitrobenzyl radical upon; the 2—-nitro- 
2-propyl anion. The radical-anion adduct acts as an 
electron transfer reagent, which rapidly transfers an 
electren to the p-nitrobenzyl halide (see Scheme 4). 

Subsequently Bunnett30 recognized this reaction as 
providing a mechanism for radical mediated nucleophilic 
aromatic-substitution and proposed the name Spyl- This 
mechanism is unimolecular in the same sense as Syl, 
excepu that. unimolecular bond fission occurs in a radical 
anion instead of in a neutral molecule. However, it 
should be pointed out that in the Syl mechanism, the 
departure of the leaving group is the rate determining 


step, whereas in the Spyl mechanism this may not be the 
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SCHEME 4 


NO, NO, 
HCI’ H, 
drat te + Cl 
NO, NO, 
NO; 
H, CHp 
NO, ~ NO. 
NO, NO, 
H, CHCl H, 


NO. NO. 


(10) 


case in all the reported examples. The relevant 


mechanistic steps are outlined as Scheme 5. 


SCHEME 5 
Arl + electron donor ——+ eral ane ls residue (13) 
Nils ee Ar: ¢+ 7 Wey 
Ar: + NH, = ie INL (15) 
eS INaLS + Arl —- Arnis ete (ela 


Today, single-electron transfer is perhaps the most 
important mechanism under study. A large body of 
evidence now exists in support of the view that these 
processes occur more frequently than was previously 
realized. A wide variety of chemical species are known 
toract as donors in electron transter reactions... «For 
example metals,21741 organometallic reagents and 
carbanions, 42799 anions,-©764 metals in their lower 
oxidation states,0°7/2 Lewis bases, /3779 and alkyl 
radicals/2"80-83 are recognized being able to transfer 
ance lectroneto appropriate: substrates. s.Conversely, “when 
energy requirements are satisfactorily met carbonium 


ions, 84786 metal ions, in thelr hbagherm oxidation 
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states,©/,87-90 aromatic hydrocarbons, 21797 molecules 


with electronegative substituents, 89-99 and 
radicalsl00-101 accept electrons to produce the corres- 
ponding ions, radicals, or radical-anions. 

Many reactions have been reinvestigated and their 
mechanisms reinterpreted. The condensation of an alde- 
hyde or ketone in the presence of a base (Aldol condensa- 
tion) is an important synthetic reaction, the mechanism 
of which is considered to be polar in nature. Neverthe- 
tess, the ability of enolate anions to transfer a single 
electron to various organic substrates is well docu- 
mented. 

The possibility that a radical-chain mechanism may 
be operating in these condensations was investigated by 
Ashby. 192 From rate studies in solvents of different 
dvelectric constants Jand from €.s.r. spectroscopic re= 
SUltS = at awase concluded thar etypicaleenolateranrons Of 
aliphatic ketones may react with aromatic ketones by an 
electron transfer process to produce paramagnetic inter- 
mediates. The kinetic analysis showed that some para- 
magnetic intermediates disappear at the same rate that 
the condensation products form. Large amounts of free 
ketyl are observed when the pathway to condensation 
preduct. is *blocked) by-steric hindrance.” These  observa-— 


tions are consistent with the mechanism outlined 


wacvree af) Suubtiy 09 enaysneis tqaace 79 
seenlWb-1901G8G-GG .eteoo shan sored gat 
giets” tine botegitedyeisa need Syst snolezeas Yru 


sy 
{ 7s 


ee2bite. to wiitéenstnes od) «tote traverses we inadogt 
-sensinss (565A) sano © 76 “itoezasa aff nL aniies 2 ‘ ad 
malmbibet 443 .aolenees 02.4144i2 shntragn? ¢® 23 Canes 
-gdis@ee2. <@7eSEA i Sales sc 02 peiabledaa we josie 3a 
efeaté & ceteesr? oF Ghuens ete lore tS tte ang weet 
eb Dige wl ester! ide singers 2u0rtey 24 ravtsale’ 
a) | botnet 
wa Wulngde to eieslectic: & fet? 7*sb (chee ey 
yu LeliSatSanvel Gays =\\>i 2a(SFie> saed? ty Pl teaseRey ond ' 
~eesnee dh. TG revise Tt eosbnre stag Gers Sak. ; 
=-v sheets 5G441 wv 4K Oise eragctancs -yacelees : 
i erin weelauie Siotm 7 t28 | Oshulsé vow 225,088 
ad Ys eoerel ee Pty owen Ve sumted ~iteabaan 
= sales 31 Sanam Va Beuse>) 2! ae #4 rarehs \ @ epapanll 
"eimy ante 9603) Nesey Sieqivet. eflenii ane 408 
WHEE OPED We GT oom tmangina th iPdiheenste? wis 
e asnwans: Sefei .0NED s8ouhe Ty <p): wena 
ee a) ie tate NV og oe r | 
PRT EN Opa es bana es t 


esi 


in Scheme. 6. 


SCHEME 6 
+ _ 
Ar Ar 
| a | A 
OLi OLi : 
wey 4 | 
Ar Ar 
Ar ne i 
O 


The study of the Grignard reaction with ketones has 
also been a subject for investigation. For many years 
the reaction was proposed to occur by a polar route which 
involves an attack of an anionic carbon upon the carbonyl 
group. Since 1964, however, positive advances have been 
made towards the understanding of the single electron 
transfer route. Convincing evidence has been presented 
£or i1ts occurrence in) some Grignard, reactions... This 
evidence includes the formation of anomalous products 
which cannot be explained by applying the polar mechan- 
isn Dinacole,. hydrocarbons, other products “arising from 


CouplongeoLs tne kety] 103-109 (Scheme 7). 
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Another body of evidence arises from the observa- 
tion of radical species by physical and chemical tech- 
niques.1093,110-112 The single-electron transfer route 
has been openly demonstrated and proposed in a few 


articles,42,104,113-114 


SCHEME 7 


R 
»y=0 a R'-MgX —s -oMmax R’: (19) 
R 


R 
-omax uF R’. (20) 
R 
Pinacol Alcohol Other Products 


The reduction of alkyl and aryl halides with sodium 
borohydride is well known and has been proposed to pro- 
ceed, depending upon the structure of the halide, via an 


Syl process,1195 and an Sn2 process, on nucleophilic 


attack on halogen.116 


tne 1973 Baltrop!l? studied the reaction of halo- 
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genated aromatic hydrocarbons with sodium borohydride in 
aqueous acetonitrile. The reactions were carried out 
under irradiation at 254 nm. The sole organic product in 
the case of halobenzenes was benzene formed in quantita- 
tive yield and with quantum yields considerably in excess 
Of iunaty.. 

The radical chain nature of these processes was con- 
Punmed by USIng acrylonitrile, sans erticirent™ trap. for 
phenyl radicals. Photoreductions were totally inhibited 
Dy sinall amounts Of acrylonitrale. ~Ouantitative sphoto- 
reduction and inhibition were also observed for 2-bromo- 
naphthalene and 9-bromophenanthrene. A mechanism con- 
Sistent with these findings involves a free-radical chain 
process, whose propagation sequence contains an electron 
transfer from the borane radical-anion to the halides as 


shown in Scheme 8. 


SCHEME 8 
Initiation: 
are hy [ phx] ee te + ey” (21) 
Propagation : 
Ph- + BH, ae PhH oF BH, (22) 


+ Xen ect BH, (23) 
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A similar mechanistic pathway was proposed by 
Grovest18 for the conversion of gem-dibromocyclopropanes 


to the corresponding monobromides in DMF. 


Br DMEF Br 
+ NaBH, (24) 
Br H 


Although the initiation step is not clearly defined 


the results of the study are in accord with the mech- 


anistic scheme proposed by Baltrop: =” 
SCHEME. 9 
Initiation: 
BH, Fein ees BH, + XH (25) 


Propagation: 
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Blectron transter Involving el uth iumealumi nivm 
hydride has also been reported, 119-121 o-Bromophenyl 
allyl ether produces phenylallyl ether and 3-methyl-2,3- 
dihydrobenzofuran. Lithium aluminium hydride acts not 
Only as a source of electrons but also hydrogen atoms as 


illustrated in Scheme 10. 


SCHEMES LO 


(29) 


Recent studies on chemistry of organometallics have 
brought some interesting new insights into the under- 
Standing of electrom transfer reactions. “Interest in 
this taeldr stems largely from the wide variety ole re— 
actions in which they are used, either as reactants or as 


intermediates, in Synthetic procedures.) In the donor= 
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acceptor interaction, which precedes electron transfer, 
Organometallic substrates prefer the role of donors, but 
can also play that of an acceptor. The very important 
role of electron transfer mechanisms in organometallic 
chemistry has been reviewed by Kochi, 122-123 

Organotin hydrides are a class of organometallics of 
particular interest and their value is now widely 
recognized among organic chemists. In 1959 Noltes and 
van der Kerk124-126 giscovered that triphenyltin hydride 
reacts with allyl bromide to give propene and triphenyl- 
tin bromide in quantitative yield under mild conditions 
(room temperature). These Original reports were followed 
by a number of other papers concerning the scope and 
mechanism of the reduction of alkyl and aryl halides with 
different organotin hydrides. 

Kuivilat27-132 made a Significant, conthLi bution: to 
the understanding of the reaction and proposed a radical- 
chain mechanism for it, based upon several observations 
(Scheme 1) ..0 Kuivila found that” reactions. show icatalysis 
by AIBN and light, and inhibition by small amounts of hy- 
droguinone. Additional evidence #ol a carbon-centered® free 
radical intermediate can be adduced from=the fact. that 
optically active a-phenylethyl chloride on treatment with 


triphenyltin deuteride yields racemic a-deutericethyl— 
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SCHEME 11 

In + HSnR, ——— InH + SnR, (30) 
Rex re S10. Ri eee eect XN Ri (31) 
R’ + ASME ae i Eps SnR, (32) 
4 R,Sn- —_—_— R,Sn-SnR, (33) 
2R: — & R-R’ (34) 


benzene. =) simidemly,a— and» y-methylald yl chlorides each 
lead tomthe Lormationy of mixtures or i—buteneé; sand ®cis— 
and trans-2-butenes. Thirdly, the reduction of propargyl 
bromide leads to the formation of both propyne (85%) and 
allene (15%). 

The most significant feature in this mechanistic 
scheme is the proposal that the halogen atom is 


abstractedw in a vdgirect manner by thes traalkyltein = nadical™ 


+ 


R’X + ‘SnR, —{ p'---x---snRg}— R' + XSnR3 ee) 
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This radical-chain mechanism involving a halogen 
abstraction in the propagation sequence was later 
confirmed by the work of Carlson and Ingola.133 They 
came to the conclusion that in the process, depending 
upon structural variations, either the X abstraction 
(alkyl vehnlorades) orsthe H abstraction (alkyl bromides, 
methyl 1odidge) can be the rate controlling step. 

Coates and Teddert34 also accommodated their results 
in this scheme. They studied the reduction of alkyl 
halides by trimethyltin hydride in the gas phase and con- 
cluded that different halogens are abstracted by Me3Sn° 
from Simidar Suites) inthe order) Be e> Cl. >vE. 

Tannerl3° examined the conversion of benzyl halides 
PEOmEOLUCNeS by styi—n—butyl tine hydride. = He found ethat 
the relative rates of reduction determined by competitive 
reactions agreed well with the order previously reported 
for the relative rates in alkyl halides:;128 AYCHo5I > 
ArCHjBr > ArCHjCl. a-Fluorotoluene and other alkyl 
fluorides were completely unreactive under the conditions 
employed ine this study (90°C, solvent’ benzene, anitiation 
by benzoyl peroxide). 

Three mechanisms may be considered to explain the 


Wackwor reactivity of the ilUOb1Ges: 
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a. A direct halogen transfer from the benzyl halide 


to the stannyl radical, as proposed by sonal 2 


2 
ArCH,X + -SnR, Sarg 7% --SnR ArCH; + XSnR,_ (36) 


A high activation energy for the abstraction step would 
account Lor this’ non—=reactivity. 

b. A two step abstraction, which involves a 
reversible stannyl radical addition to the halogen, to 


form an intermediate with an expanded octet. 


- 6+ e 
ArCH,X + “SnR, =| arch, X---Snk, = ArCH,-X-SnR, 


6- hs * 
ArCH;--XSnR, ArCH, - XSnR3 CaP) 


This mechanism was Originally proposed by Sakurail36 


in 1972 while investigating the reduction of benzyl 
chlorides by triethylgermanium hydride under almost simi- 
lar conditions to those employed to study the reduction 
Usingetrv=n—-putyl tans hydrides (90-0; benzene, benzoyl 


peroxide) ..s Fluorine, a stirst—row, element; sis energeti- 
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cally incapable of expanding its octet, and would not 
undergo reduction by this mechanism. 

Cc. A radical=chain process which includes transfer 
of a single electron from the tin radical to the halide, 


in the propagation sequence as shown in Scheme 12. 


SCHEME ms2 
ALCH Xe eek. ween EACH sXe eat ekecnk- (38) 
ArCH,X* —_—_ ArCH, + x” (39) 
ALCH) cmaaph oc Ra ites eee CH etiam Sin Re (40) 


This mechanism would also suffer from the same limita- 
tion. A high activation energy would be required for 
electron transfer to the electronegative fluoride. 

Tanner!3>5 calculated the enthalpies of reactions for 
reduction of halides proceeding by eq. 36, and then, 
using these data he determined the corresponding 
activation energies by the application ef erther the 
empirical Hirschfelder rules!37 or the empirical method 
suggested by Semenov.138 He came to the conclusion that 
all of the benzyl halides are capable of undergoing a 
favorable direct abstractiom process. 


The total absence of reactivity of the fluorides 
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towards the tin hydride suggests that either the mech- 
anism incorporating an intermediate with an expanded 
octet (37) or a mechanism involving electron transfer 
(Scheme 12) may be operating in these reductions. Some 
insight into this dilemma was obtained by analyzing the 
relative magnitude of the p values obtained for the re- 
duction of a series of benzyl chlorides, bromides and 
iodides. Both of the mechanisms, if subject to polar 
substituent effects, would be predicted to show Hammett 
equation correlations which follow o substituent con- 
stants. If only one mechanism were involved, then the 
relative magnitude of the p values should be the inverse 
of the relative rates since reactions which occur more 
readily should be less susceptible to substituent 
effects. The iodide series was expected to have the 
smallest p value. The series of benzyl bromides showed a 
lower p valué than the chlorides (p = 0.17 vs p = 0.34) 
as expected. However, the p value for the lodide series 
Wass abnormall ve agh (o0=.0.0))- se This relativesordering 
Of athe: magnitude of the p. values sis 1nconsistentiwiths the 
operation of one mechanism for the reduction of the 
halides with tri-n-butyltin hydride. It was suggested 
that the iodides are reduced by a different mechanism 
than the bromides and chlorides. 


The high p value observed for the series of benzyl 
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iodides was considered to be indicative of a greater 
charge separation which would be the case of the electron 
transfer process. Consistent with this hypothesis was 
the large solvent effect observed when the reductions of 
the lodides were carried out in acetonitrile. The op 
value became more negative. On the basis of these obser- 
vations Tanner proposed an electron transfer radical- 
chain mechanism for the reduction of benzyl iodides. 
PMimtnecw laste iive Weare wall phatlcunieron compounds 
have been widely used as substrates in electron transfer 
reacrions. jAlaphatic and alicyclic. sec-nitro compounds 
are synthetically useful in carbon-carbon bond formation 
processes, under mild conditions. The resulting, product 
iiptieses processes JS aatent nitro wconpound jim which 
Other functional groups may be present. The utility of 
these methods now appears greater because of the feasi- 
Dagliey Ob replacing the tent=niltro group, by Ghydrogen. 
Four methods, so.far exist form this, purpose. in 
1979, Krasuskal39 reported the reductive elimination of 
(eRe nero Group in 5-nitro-1,3-dioxanes. An ethylene 
glycol solution of potassium hydroxide was used as the 
reducing agent. The radical nature of the process was 
imcerledmbyacarny ind Out =the reaction ne tnes probes otwan 


ESR spectrometer which gave signals of an unpaired 
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KOH -ethylene glycol (41) 


a 120-140°C 


electron localized on the nitro *group of the S-nitro-1 ,3-= 
dioxanes. Experiments using deuterated potassium 
hydroxide, o-deuterated, and perdeuterated ethylene 
glycol led “to the conclusion that hydrogen abstraction 
eakec place strom thes—€hj= Ore thesgiycol. 

Kornblum}40 replaced the nitro group by the hydrogen 
imvaswadewvarlety Of tert—nitro compounds sising the 
sodium salt of methyl mercaptan. The substrates utilized 
in this work were empirically classified into three dif- 
ferent categories on the basis of the influence of the 
solvent on the course of their reaction with the thiolate 
anzon.  Thesitirst. Group: (comprmisestaliaphari cor alicyclic 
systems. The reduction Of these substrates? cleanly 
proceeds to afford the hydrogenated compound as the 
unique product regardless of the solvent employed (DMSO, 


DMF, HMPA). 


CH (42) 
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The second group is formed by g-arylated nitroparaf- 
fins. Here, a competitive process takes place depending 
upon the solvent. When reactions are conducted in DMF, 
the sole result jisethe sreplacement ofthe mitrougnoup by 
hydrogen, whereas, in HMPA replacement by hydrogen and 


thiaemethy) (bothwoccur. 


CH3S— 
Ar+ttH (43) 
DMF 
arttno, 
CH.S~ 
Ar “=H + Ar SCH 44 
HMPA H ey 


An important feature in the reduction of the g- 
arylated nitroparaffins is that hydrogenated products do 
notvabLise from further reaction. Of the, thicethers..) The 
WaSstmigrOuUp OL substrates InvOlVesua ww warlety. (Of sc-nitron 
cumenes. In this series, regardless of the solvent, the 
methyl! thioether is formed first and then) 1t 1s converted 


to the cumene. 


CH.2S”— CH2S_ 
ar—t-no, eee Ar Sh, = Ar Se (45) 
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The second process, replacement of the thiomethyl 
group by hydrogen, occurs at rates comparatively slower 
than sthe format lon for ethe methyl thioether .eshor fall of 
Che sthree Wroups sofenitroparatfins «the ssolventwhas a 
large influence on rates. Reactions are much petee on 
HMPA than in DMF or DMSO. 

A number of additional observations led Kornblum to 
propose a radical-anion—free-radical chain mechanism for 
the replacement of the nitro group by hydrogen. All 
processes Vshow inhibition by tdi-tert—buty nitroxide cand 
m-dinitrobenzene. “Most tof the "reactions take place Vin 
the dark at a meaSurable rate, but they are unambiguously 
accelerated by light. These observations are readily 
accounted for by the sequence of steps described by 


equations 46=49 in Scheme 13. 


SCHEME 13 
Re NOPem MECH Onsen NO aes ao (46) 
R-NO> eat gu lated. 25 NO> (47) 
R + CH 5a ee CH,S™ (48) 
ok ea OL PS R-NOZ + CH,S (49) 


A "simplistic interpretation for thioether formation 
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can be envisioned from an alternate encounter of the 
radical generated in equation 47 with the methyl- 
mercaptide ion to give a radical-anion followed by 


electron transfer tomthe starting nitro compound. 


R- + CHS” — + R-SCH, (50) 


R-NO, + Ro o.C i.) ne R-NO, + R-SCH, (S12) 


However, this assumption does not provide a satisfactory 
explanation for the fact that regardless of the solvent 
used -alaphatie anid alicyelie nitro compounds abstract 
Only hydrogen from methylmercaptide ion, while p-arylated 
nitroparaffins also form thioethers when the reactions 
are carried out in HMPA. 

Kornbluml49 proposes ‘that “B-aryl/eradicals ditter 
from “the acney radicals in “that they can cyclize to 
Sspiranes. — A nucleophilic displacement by the methy1 
mercaptide 10m, on one Of "the “carbons OF the “spirane ring 
leads to the formation of a relatively stable radical- 
anvone —Lhis species transiLers One electron to =the 
Ssterting nitnoe compound with= the overall result “of 7a 
nitro group replaced by thiomethyl. The hydrogenated 
product arises from hydrogen abstraction by the open- 


Chain radical. 
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(48) 


| 
Ox snes YO) sen, (52) 


In HMPA the nucleophilic attack competes with the 


hydrogen abstraction process, whereas in DMF only the 
last process occurs. jRadicals from aliphatic and’ alhi— 
cyclic nitro compounds are unable to form the spirane and 
no thioether can be observed. 

The pattern observed in the series of a-nitro- 
cumenes, initial formation of methyl thioether followed 
by slow conversion to the cumene, is rationalized by 
Kornblum in terms Of a kinetically controlled process. 
Cumyl radicals are well stabilized and consequently they 
arewless reactive than a Simple salkyvin radical sbecause 
the odd electron is delocalized in the phenyl mo1ety Of 
the system. These radicals can abstract a hydrogen atom 
from the methyl mercaptide ion in a slow, but lrrevers- 
iblemprocess, §AS a consequence of ethis,, relatively slow 
energy radical anions are formed by collapse of cumyl 
radicals and mercaptide sions Imea lapid,= DUbereVversibple 


reaction. 
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The formation of methyl thioether derives from an elec- 
tron transfer process, which also generates the chain 


Gaurying radical anion of the nitro compound. 


SCH, NO, SCH, NOS 
Y Y vr Y 


These -cumyl “thioethers are reduced €o cumenes by =the 
continued action of the sodium salt or methy! merecap— 
tan. These transformations are easily understood on the 


basis Of wequatlons=55 to Sésin Scheme: 14. 
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SCHEME 14 


ae + CH,S™ 
Y 


(S6)) 


Zi 


The pattern followed by a-nitrocumenes can be 
considered as a variation of the mechanism used to 
rationalize the chemistry of the first two groups of 
eere-—nitroecompounds. 

T1980; Ono en reported the replacement of the 
nitro group by hydrogen in a series of secondary and 
tertiary aliphatic nitro compounds using l-benzyl-1,4- 
dihydronicotinamide as the reducing agent in solvents 
benzene, DMF and HMPA. The substrates utilized in 


this work were highly activated compounds of the type 


(Rj )(R2)(Y)C-NO9, where Y is the cyano, carboalkoxy or 


Keto, group. They reaction does Mnot goccur in the dark, but 


snows anitiatiopn by Light and catalytic amounts Of —ALBN, 
Giq=tere—bputy Iperoxyoxalate, and sodium dithionite. ihe 
reductions are: inhibited sby m-dinitrobenzene on “di-tert— 
butylnitroxide. Ono suggests that the reduction takes 
place via an electron transfer radical chain reaction 
(Scheme 15). 

The fourth method of replacement of the nitro 
group by hydrogen in tert=nitroparatftins is the 
Subject of the tirsts part Of (this thesis. | We have 
examined the meduction of a variety Of stert-nitro 
compounds with tri-n-butyltin hydride in benzene as 
a solvent. The substrates used for this purpose 
were 2-(nitrocyclohexyl)isobutyronitrile Ube aie 


cyano-a-nitrocumene (II), and 2,3-dimethyl-2-(p- 
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SCHEME 15 
H H H 
2 Z 
R-NO, + | ee R’-NO A | | (59) 
+ 
N 
| | 
Bz Be 
Ro 
Re Ae _—— ~ NH, Bz = CH,-Ph 
ay, 
R'-NO; —S R’ + NO; (60) 
H H H 
, Z 
R’ . | | ‘ R’H + | (61) 
N N 
| | 
Bz Bz 
H 
/ Z 
R’-NO + | | ——— Nee « en 
2 B - 
A N 
| | 
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benzenesulfonylphenyl)-3-nitrobutane (III), which 
correspond to typical examples of each of the three 
groups of tert-nitro compounds empirically established by 
Kornblum.149 In addition, a-nitrocumene (IV) was also 
included. This substrate was the least successful 
example of the synthetically useful reductions carried 
out by Kornblum with sodium thiomethoxide since it 
yielded a mixture of products in which only 29% 


corresponded to cumene. 


C8 6 é 


SO.,Ph 


| | lI Hi IV 


30%. 
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RESULTS 


The four tertiary nitro compounds (1—1V.) usedein 


this work were synthesized by methods previously 


described by Kornblum (see Experimental Section). 


os & 6 


SO,Ph 


| it Hit IV 


Under satisfactory reaction conditions, treatment of 
Enese subs retes with tEi-n-pucyltam niydrrde cleaniy wed 
to the replacement of the nitro-group by hydrogen. The 
products resulting from these rveduct rons were = 2—-cycelo- 
hexyl-2-cyanopnopane (la), p-cyanocumene = (Tia)y.a2,3-41— 
methyl—-2—=(p-=benzenesulfonyiphenyl )butane (Tila) 7s and 
cumene (IVa). 

RetyOical = pramary (“l=nitropropane) Vande several secondary 
(2-nitropropane and nitrocyclohexane) nitro compounds 
were inert to this procedure. 

The reduction mechanism of tertiary nitroparaffins 


was shown to proceed by a free-radical chain process by a 


Skis 


a 


cae aassiet sod 
gleunt meee jets eh aa 


#1 ti! "7 


Legh beraers peabf? [Pras MolSoast. Yeosaliatsee. Gihen? 

Gal Vinaslo ahi sbyo at ti yiud-nsi2t2 dokv eedeseeeee 

ry a efeetstre 4AS M31 07s la at? “O2 Saanmenugl “@3 eds 

“Oloyo=—— view PAGE fave .ee2 /? @OdS ECelide are 

~—if-t.c (Olt) seamison£i-c i“ aT" 1AEO < iio yo=t~¥ 
=f! 

-(ayn).s 


he ., fwicl) Sretvel Lycskctvaisd temerns snag 
wretaonce feterie Soe.d! Soba Ie) Vanesa le 
she SS CFL TeaR HMI DEIeT TER Oe see 
eoTubupoey BIAS Ut samme Om 

MNADWsaquT ite YHel Tuy Be halpalous a et 
ST esters! aiaivr Tesi peraeeeP 6 oi 8 3 twat 
sc 


£6 6 & 


la lla lila IVa 


compauison Of the yield of products cbtained from thermal 
reactions of the reactants under a set of standard con- 
ditions (Solvent benzene, at  s6rC ore90°CG, 18 °nm an the 
absence of light or oxygen) with those arising from 
reactions Carried out under conditrons to test anitiation 
by light and benzoyl peroxide and inhibition by m- 
Ginitrobenzene. Additional information in regard to the 
mechanism was obtained from reactions conducted in the 
presence ot hexa—n—buty/distannane, and “Oxygen. Ethe yield 
Gi reduces was determined either by Glpe or hplc (see 
Experimental Se@etion). The results cf these comparatave 
reactions are listed in Tables I-III. 

Mixtures’ Of nitro compounds “1,, 11, andaly were sela— 
tively Unceactive (1-7%) at 38°C in the dark in absence 
OP eaddtti ves (Gable i, reaction >; Table wii neaction, ae 
Table slll, teaction 5) Whensthe thermal reactions: were 
Carried out at 90°C, the observed reactivities were 


relatively higher to afford the reduction products in 
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about 40% yield (Table I, reaction 9; Table II, re- 
aACtEtOnSy Sandi seTable (11; reacts ons): 

Nitro compound I showed enhanced reactivity with 
trmishn-butylteine hydride under. exposure toy dighteat 38°C: 
TMhepreduction could be initiated by irradiation of the 
reaction mixture at a wavelength where the substrate 
Showed tail absorption (3500 A). Ia was produced in 96% 
yieldgiTable sly reactions 4eand)5).ssHowever, under 
Ldentweal conditions: of’ irradiation compound IV yielded 
Only  /%-cf I1Vasandea number: of “other sproducts) resulting 
from the photolysis of the substrate: a-methylstyrene 
(42%), and a-nitrosocumene (14%). Bicumyl was also pro- 
Guced in 5% yield. On the basis of these results no 
further use of photoinitiation was attempted since it 
appeared that, in some cases, the photodecomposition of 
the nitro compound was competitive with its chain 
Beduction. 

When the thermal reactions at 90 2Gvotvalleofk the 
aero ucompounds were Canried Out ine the presenceror 
Catalytic amounts of benzoyl peroxide (4%) ,@thesyield of 
the corresponding reduction products were considerably 


highersthan those detected im the react ionswithout 


imicmatocveGrablemb, reactionse land 8, omandeoe fable win, 


reactions 1 and 3, 5 and 7; Table III, reactions 2 and 
3). The effect of added benzoyl peroxide was more 


noticeable when larger amounts of initiator were used. 
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2. Seas 


Addition of 8% or 12% of initiator caused a pronounced 
increase of the degree of reaction and led to the 
formation orMreduction products in synthetically ,useftul 
yueldsw (Table Sl jsereaction 10. Table Il, .reactions.2 .and 
Orme babweeLit apreactionss/s)\. 

Both the benzoyl peroxide induced reactions and the 
dark thermally initiated reactions were inhibited by the 
addition) Of m-dinitrobenzene which presumably “acts “as an 
electron trapmand interreres with theschain (Tables, 
BeaCerons (sean 8oOme 7) eomeanGd all se Oeande ee Tab) emir, 
react rons], and: 6) 

It waS conceivable that the uninitiated reactions 
were initiated thermally by the homolysis of a small 
aAMOuns -Olwhexa—n—butylidistannane, “whach appears, tombe 
always * present in the Starting =tricn—butyltin hydride. 
However, addition of this distannane to the reaction 
mixtures at 38°C and 90°C did not appear to affect the 
Vaca sorts tieruninutiated reduction Teactionsm( Labs lemn, 
BOactIlons 5) and )3, O-and 14) hurthermore, = mitre 
compound I was not affected by hexa=n-butyldistannane’ in 
the absence of tri-n-butyltin hydride. When mixtures of 


T “and the distannane in a molesratio lai weregsubjected 


ton reaction ate room temperature, »36~C,. anda 90 2Genoewlaenor 


nonchain products (coupling or disproportionation) were 


detected, and the substrate was recovered unchanged 
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(Table B,-reactions 15, 16, and 17). 

It is widely recognized that molecular oxygen 
interferes with radical processes acting either as in- 
itiator or inhibitor. Although the free-radical re- 
duction was not noticeably affected by the oxygen present 
in the undegassed reaction ampules (Table I, reactions 9 
and 18, 10 and 19), the mixtures were routinely degassed 
prior to reaction only as part of the standard procedure. 

On the basis of yield of products, the tin hydride 
reduction of tertiary nitro compounds compares favorably 
with Kornblum's methodl49 (see Table IV). However, it 
should be pointed out that the yields reported in this 
work were determined by glpc or hple analysis, whereas 
the yields reported by Kornblum for compounds I, II, and 
III correspond to isolated products. 

Apart from the intrinsic interest from the mechan- 
istic point of view, this reaction was also shown to be 
noteworthy for its potential value in synthesis. The 
reduction of p-cyano-a-nitrocumene (II) to p-cyanocumeme 
(IIa) was carried out as illustration of a synthetically 
useful reaction. A benzene solution of nitro compound, 
ErI—n-pacy Eoin hydride and benzoyl peroxide was heated to 
reflux under an atmosphere of nitrogen. Tin compounds 


were separated from the reaction mixture by filtration 
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after treatment with iodine followed by precipitation 
with potassium fluoride. The impure material was 

putt tedy byschvomatogvaphy tO attord arcolorless o1l (75% 
yield) whose np and nmr spectrum corresponded to p- 


cyanocumene (see Experimental Section). 
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DISCUSSION 


The reduction of tertiary nitro compounds to hydro— 
CarLbons with tri-n-butyltinehydride takes place ‘i a 
ereinaatge WORT: predictable manner, free from experi- 
mental complications. The dark uninitiated reactions of 
EneSe reacranes abewoo4¢ sand 690) C could be saccelerated oy 
ieradiation at, 3500 A and by the addition of small 
amounts: Of benzoyl peroxide jor anhibited (by m-dinatro— 
benzene. The results of these comparative reactions 
clearly established the reduction as one proceeding by a 
radical chain mechanism. The initiating step in both the 
photo: and chemically induced» reactions, leads to the 


formation of stannyl radicals: 


Photoinitiation: 

hy * 
R-NO, ha O> (63) 
R-NO; + HSnBu,; —~> R-NO,H + -SnBug (64) 
Chemical Initiation: 


A 
In, Sa PAIGE (65) 


Inet pation Bus pce WNW ae ge So Bu, (66) 
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Radicals of organometals, particularly those with 
alkyl groups as ligands are predicted to be good electron 
donors. Consequently, the efficiency of an electron 
transfer process under a set of satisfactory reaction 
conditions would depend upon the capability of the sub- 
Strate stowactwas e€lectron acceptor.  Memabiiity of 
tertiary nitro compounds to accept a single electron from 
a variety of donors has been demonstrated in a number of 
works. These include the already mentioned examples 
reported by Krasuska,139 Kornblum,140 and Ono, 141 where 
the nitro group is replaced by hydrogen. Many other re- 
actions of these substrates with the anion of thiophenol, 
phenol, 2-carboethoxycumaran-3-one,142 and 2-nitro- 
propane>3 have also been rationalized in terms of 
radical-chain mechanisms which involve the transfer of an 


electron Grom tthe: anion eto: the nitro) compounds: 


R-NO, + A eer R-NOZ + _ residue (67) 


By analogy, the stannyl radical once generated from the 
Starting sin hydride would be predicted” to perform this 
electron transfer with even more facility. The chain 
mechanism of equations 68-70 provides a simple basis for 
understanding the foregoing facts and is consistent with 


what is known about related processes. 1391140 
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R-NO, + ‘SnBu, rapa ae es R-NO, aE *SnBu, (68) 


INCOR Sree Ss hes 


(69) 


R- + HSnBu, ioe aa RH is “SnBuz 7 (70) 


The key step in this mechanism is the reaction of the 
nitro compound with the stannyl radical, which generates 
a transient radical anion. The radical formed from the 
decomposition of this transient intermediate is rapidly 
converted to the hydrocarbon. An additional observation 
Supports this mechanistic sequence. Both the dark 
uninitiated and the benzoyl peroxide initiated reactions 
were inhibited by the addition of m-dinitrobenzene which 
Useerecounuzedeass ec Glagnostic Lor radicals and/or 
Paaceetosnicne 143 The nitroarene intercepts the chain 
PErObably by taking an electron away trome the transient 
radical-anion before the loss of the nitrite takes 


place,¢ or by scavenging radicals 


(7al)) 


a 


(96) 
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present in the mixture.144 Radical chains can also be 
intercepted by molecular oxygen. =Therabality of oxygen 
LO_PEevent “Substitution Of “ther tertiary, carbon in 
substrates where the potential leaving group is nitro or 
chloro has been well documented by Kornblum. 24 Oxygen 
scavenges the radical formed from the transient radical 
anion and the resulting peroxy radicals presumably are 
converted into hydroperoxides. 

R: ot 0, peace gs: R-O-O: vou. R-O-OH (72) 
However, the reduction of tertiary nitro compound I with 
tbi-n—butyl tin hydride “was; mot noticeably abtected by the 
oxygen when reactions were carried out in undegassed am- 
pules. Although no evidence is at hand, a possible 
explanatiron for thes lack of “interfterence by molecular 
oxygen is the ease of hydrogen abstraction from the tin 


hydride even by the less™reactive peroxyradical.145 


2 r-o-o- U5m8U3. = R-0-0H + -SnBug 


R: (7/3) 


RH + ‘SnBu, 
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The-resultsPobtained! in, the: dark uninitiated re= 
actions at 38°C and 90°C suggest a key question about the 
nature) Of? the initiation step im these processes. At 
least four initiation mechanisms can be considered to 
account for these observations: 

the first “As@homolysis of hexa-n=butyldistannane, 
which appears always to be present in the tri-n-butyltin 
hydride. The low values for the bond dissociation energy 
of the Sn-Sn bondl46 suggest that tin radicals can be 
easily generated by homolytic cleavage, when the energy 


requirements are satisfactorily met. 


A 
Bu,Sn-SnBuz; ——* 2 Bu3Sn: (74) 


The extent to which the distannane compounds undergo dis- 
sociation has been the subject of several conflicting re- 
Ponts.) Some reports) indicate jthat an “dilute solutzvons 
themcompounds ane dissociated, while im more wconcentrated 
solutions they exist jin ithe icompletely tassocvated) Lorm. 
Otheu ireports andilcate ino evidence for tdissociation. = For 
example, Krauss and Sessions!4’ state that Crvyoscopic 
measurements indicate that hexamethyldistannane is almost 
completely dissociated into trimethylstannyl radicals in 


dilute solutions. As supporting evidence for dissocia- 
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tion Bullaral48 Prepared) i, l—-triethy 1-272, 2-crimetny i 
distannane by heating to reflux a mixture of hexamethyl- 
distannane and hexaethyldistannane in benzene. 

A second mechanism which deserves consideration 
involves electron transfer from hexa-n-butyldistannane to 


the Blerti=nitro. compound. 


e +: 
R-NO, + Bu, Sn-SnBu, Sa R-NO; a Bu,Sn—-SnBu, (75) 


+. 
Bu,Sn-SnBu, ——~ Bu3Sn* + -SnBu, (76) 


Organometals of the type R4gSn and R¢Sny can potentially 
be good electron donors by virtue of the powerful in- 
ductive effect exerted by the alkyl groups. The occur- 
rence of this initiation step has been suggested for the 
radical reactions of hexaalkyldistannanes!49 and tetra- 
alkylstannanes.159-152 fhe tin-tin bond of the distan- 
mane radical cation generated in equation 75 is expected 
to be more labile than the diamagnetic 7precursor. 
Blectronmtranster, troms tri-—n-buty it inghydridestomthe 
temeiaryenitropabaltineis thesethird mechanistic possi— 


Dir ey: 


2 +: 
R-NO, + HSnBu, ——~ R-NOZ + HSnBu, (77) 


+> 
SiS GEN Sa TRB Oy ET (78) 
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The occurrence of the initiation step at low temperature 
and its inhibition by m-dinitrobenzene suggests the pos- 
Sibility that tin hydride itself can act as the electron 
transfer reagent in the same manner as proposed for 
tetraalkylstannanes and hexaalkyldistannanes. Similarly 
to these substrates, it can be proposed that the re- 
actants are in equilibrium with their charge transfer 
complexes, and that the charge transfer complex dis- 
sociates to R-NO>* and HSMBu either thermally or 


photochemically promoted. The latter process could also 


account for the photochemical initiation. The suggestion 


of electron transfer from the tin hydride is ‘consistent 
with the spontaneous initiation observed in a number of 
reactions involving metal hydrides. Tannert35 reported 
Ena cuinestive sreaquet lon On sbenzyi= halides =wa theenr n= 
butyltin hydride, the induced homolysis reaction appears 
to take place only with the more reactive substrates. 
Kochit2® also suggests that an inner sphere electron 
transfer was involved in the spontaneously initiated 
AdGgtEVOMNeOL EricEny  Ltin hyduwide™ to tetracyanocethy lene sin 
solvents toluene and cyclohexane. 

PLOUL th possibility, tne. cnernmolysisS Or the tr2on- 


butyltin Hydride can be considered): 


HSnBuz, 


H- + *SnBu, (79) 
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The relatively weak H-Sn bona!54 suggests that small 
amounts of tin radicals could also be generated by 
homolysis of the tin hydride. 

Some insight into the initiation step in the 
uninitiated reactions was obtained by examining the 
reduction Of nitro compound I in the dark at 38°C and 
90°C with equimolar amounts of tin hydride and di- 
Sstannane. Electron transfer from hexabutyldistannane ove 
thermolysis of Sn-Sn bond could be discarded as the 
initiating act on the basis of the observation that the 
yields of product Ia were comparable to those obtained 
under identical conditions in the absence of added di- 
stannane. A similar conclusion could be obtained from 
the fact that this substrate was not affected by hexa- 
butyldistannane in the absence of tin hydride. 

If tin radicals cannot be generated from hexa- 
butyldistannane under the experimental conditions used 
in this work, thermolysis of H-Sn bond is even less 
likely to occur Since the bond “dissociation energies 
for Sn-Sn are lower (46.7+4 kcal/mole)14® than the 
bond dissociation energies for H-Sn (65.0 kcal/mole).154 
The small amount of reaction which occurs at 38°C 
in the uninitiated reactions of compounds I, II, and IV 
is probably not the result of thermolysis, since the 
change in the extent of reaction, for a change in tem- 


erature: Of 52°C, does not appear {to be of sufficient 
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magnitude (compare the following reactions: Table I, 
Heaction +5 and. 9; Table 11, reaction 4 and 3° Table T1171, 
reaction 5<and 3). [The observation that the tin hydride 
reduction of benzyl halides!35 at 90°C in solvent benzene 
occurs spontaneously only with the more reactive sub- 
Strates supports this point of view. From the foregoing 
facts we propose that the initial step in the uninitiated 
reactions involves an electron transfer from the tin 
hyduide to the nitro compoundvas Shown, im equation 77. 
Fooms the point of view sOreasynthetic utility, “the 
reduction Of tertiary nitro. compounds withetin hydride 
compares favorably with Kornblum's method. Aside from 
the high yields the tin hydride reduction method has the 
added advantage that side reactions are less likely to 
occur. For example, the reduction of a-nitrocumene with 
sodium thiomethoxide in HMPA, which is the least success- 


ful example in this series, affords a mixture of four 


products where only 29% corresponds to cumene, 249 
(80) 
Ph S1Oln 
+- edges Ph + Ph—< + aces n ni 
Ph NO, GNPA \ 
Pp) En 


29% 30% Sis 9% 
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The almost identical yields of cumene and a-methylstyrene 
Suggest that these products derive from disproportion-— 
ation Of the cumyl) radical. On the other hand, the 
substantial amount of bicumyl, which arises from radical- 
radical) combinatwon, also testifies to the reluctance of 
the cumyl radical to enter into reaction with the 
mercaptide ion. The reduction of this substrate with 
Eri-n-buty iting hydride in benzene affords "cumene as major 
product (79% yield) and only trace amounts of a-methyl- 
styrene and bicumyl are detected. The difference in the 
reactions 1s undoubtedly due to the ease of hydrogen 
transfer with the tin hydride compared to the less facile 
transfer reaction with thiomethoxide. In the latter 
case, the relatively stable cumyl radical undergoes 
dimerization and disproportionation in preference to 


hydrogen abstraction. 
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EXPERIMENTAL 
aS. Materials. 


n-Undecane (99% pure) and octadecane (97% pure) were 
purchased from Aldrich Chemical Co. and used without fur- 
then puritications. 

Cumene (Eastman Kodak Co.) was distilled at 84-85°C/ 
TOOsmm. orion to use. 

e-Methyistyrene (Aldrich Chemical Co.) was purified 
Dy two consecutive distillations and the fraction b.p. 
162-163°C/700 mm was collected. 

Pra-n-butyltein hydrade and hexabucyldistannane (Alfa 
Research Chemicals and Materials) were used as purchased. 

m=Dinttrobenzene™= (Fisher Selentilic €o.)) was puri= 
EUVed by =recrystallization, from ethanol: “m.~p.s68-90.C 
Gelso sprc): 

Durene (Aldrich Chemical Co.) was reerystallized 
fhom aqueous ethanol: ~m.p.79-6l<c (litl5>"7o°c). 

Benzoyl peroxide (Fisher Scientific Co.) was 
purteied by reernystallization from dichloromethane= 
methanol: m.p. 102-105°C (1itl°> 106-108°C). 

Hexamethylphosphoramide (Aldrich Chemical Co.) was 
dietililed trom calcium oxide at 127-C720 mm and) stored 
Over molecular sieves 4A. 

Dimethylformamide (Fisher Scientific Co.) was dried 


Ovepicalelunmsulphatervor -onerday, cistilled at 72-73" C7 
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40 mm, and stored over molecular sieves 4A. 

Dimethylsulphoxide was dried over powdered barium 
oxide, distilled (74-75°C/12 mm) and stored over molecu- 
lar sieves 4A. 

Commercial benzene (Caledon Laboratories Ltd.) was 
Shaken with concentrated sulphuric acid (10% v/v) 7 
times, washed with water (3 times), 10% sodium carbonate 
solution, water, and then dried over anhydrous calcium 
chloride. The benzene was fractionally distilled from 
SOcWUMe wilt e,e chee MiCdle: Tract lon, Ds Dew d/ aa Gey) 05. mm: 
collected and subjected to fractional recrystallization 
at low temperature (sodium chloride - ice bath). 

Nitrocyclohexane. This compound was prepared ac- 
eonding to. the, method outlined iby Nametkin, 156 using 
cyclohexane (40 mL, 0.36 mol) Mand nitric acids (60 mL, 
dale2ec/TlLj..) The crudes product wassdlstid leqmac mia 2G7 
40 mm: ng? 1.4604 (1it°© nb? 1.4612); IR (neat) 6.45, 
7.24 (NOz) um. 

hey lithium salt of nitrocyclohexane- Using the 


Bieera tiie procedure ,1°/ nLtrocyclonexane (13.000, 0.146 


MOL) was converted to its lithium salt by reaction with a 


methanolic solution of lithium methoxide. The product 
was collected in quantitative yield as an off white pow- 


der. 


2-Bromo-2-cyanopropane. This material was prepared 
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from isobutyronitrile (25 g, 0.36 mol) and bromine (58 Gy 
0-6 mol) Hin etne = presence of Phosphorus! tribromides (96.4, 
0.36 mol) by the procedure reported by Stevens.158 he 
Crude reaction product was distilled at 138-140°C/699° mm. 

2-Cyano-2-nitropropane. This compound was synthe- 
Sized by the method reported by Kornblum.149 a pMF solu- 
tron (400 mi) or urea (38.0, 0.63 mol), sodium nitrite 
(28.4 g, 0.41 mol) and 2-bromo-2-cyanopropane (40.8 g, 
V2275 mol) syrelded a crude) product, which atter cisti)la— 
tion (70-75°C/10 mm) gave 7°26 g (24.4%) of 2=cyano—-2= 
nitropropane: m.p. 34-36°C (1it!49 35.5-36°Cc). 

2a i crocyelenexy |) asobucyronituiies (Dh). his tert 
nitro compound was prepared by the reaction of 2-cyano-2- 
RYEEEOpLOpane (8.6 °G, 0.08 mol) with the lithium saltlot 
Mutrocyelonexane  (16.2°q,.0.12 mol), in DMSO. (3305ce);, 
aceording to, the procedure reported by Kornblum.!49  Re- 
Crystallization of the impure material from hexane gave a 
Wiite solid (8.7 9g, 55-7%)s) m.p. 108.5-110°C (litt? 
108-109°C); NMR (CDC13) 5 1.45 (s, 6 H), 1.2-2.0 (m, 8 
Bye a Seay 2) He (CHE AAG CON i aGie 4 lire 24 
(NO>) um; MS M/e. 150% 0. Oo. 

Diack sca Led “fOr Cio Hig NoO>: Cen ARS al ersis MACE ain 
Meer rounds —C,  "Olezos HH, O13) - Nj ele 33. 

Sodium thiomethoxide. This material was obtained by 


passing methyl mercaptan (5 g, 0.1 mol), through a solu- 
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tionsote the Sodiumesa lt sor 2-propanol ,140 Cle Sag, 0. 0c 
mol of sodium in freshly distilled 2=propanol). The 
final product, obtained in quantitative yield was a white 
powder. 

ZaCGyano=2>cyclohexylpropane (la). This ‘compound was 
obtained from the reaction of 2-(nitrocyclohexyl)iso- 
butyronitrile (0.4 9g, 2 mmol) and sodium thiomethoxide - 
(0.42 g, 6 mmol) in DMSO using the method outlined by 
Kornblum.149 he crude product, a yellow oil, was puri- 
fied by column chromatography (silica gel and hexane- 
ether) and then by distillation (87-88°C/3 mm, 1it149 
102071 mm) eto: yield *ancolorless sliguid: @)NMR (GbDel,) a6 
Pessoa is oH). Ov — 26a, ohare thw ( Meat) 4. 416 8 0CNy 
um. 

N-a-Cumylformamide. This compound was prepared from 
a=-Methylstyrene (118 9g, 1 mol) by treatment with sodium 
cyanide (55 a iL omol) Sand concentratedpscutphunicaacid 
(P50na minuglacvalmaceeLe=acid, singe tiGmpEOcecauremre— 
pormtedwby Ritter .and Kalish.169 two consecutive 
Kkugelrohr distillations of the scrude product, avyellow 
Ollpmatel24 = 268 20/1 im (1it°3 93°C/0.1 mm) yielded 41 g 
(25%) of N-a-cumylformamide, a colorless oil. 

a-Aminocumene. This .ter yamine compound was obtained 
by the alkaline hydrolysis of N-a-cumylformamide (40 g, 


0.245 mol).159 pistillation of the crude product (83- 
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86°C/10 mm. Lit?? 94°C/26 mm) gave 17.6 g (53%) of a 
SOMES I Kei pis Type Mab MS) (igs! QAP Ts Silgen SISy),. 
nav ig sas NMR (CCI) espectrum 6 e260 (Ss; 520) yd.a7 (sy a6 
H)) /.1=7.6 (m, 5 HH) which was consistent with a-amino— 
cumene. 

a-Nitrocumene (IV). The general procedure for the 
Eransformation of tert-aminoy into tert—nitro compounds 
described by Kornblum!6! was followed. Permanganate oxi- 
dation of a-aminocumene (15 g, 0.11 mol) gave the product 
(5.8 g, 32%), whose physical properties were consistent 
with those given in the literature??: ie ee Lo 1 (1itt&2 
Gee eS 0A; IMRME(CDOL. uns ol Ogu (share Hien 45a s moar) 
IR (neat) 6.51, 7.40 (NOz) um; MS m/e 119. 

Anal. Caled for CgH NO: CeO Daa epee eee NG, 
Se oe EP OUnGd ys Cy. 650545 9h, O60 Ny, osso. 

Lithium salt of 2=nlitropropane. This lithium salt 
Was prepared in quantitative yreld by the reaction, OL )2— 
fiuenopropane (17.8 og, 0.2 mol) with a methanolic. scolucion 
of lithium methoxide.+>/ 

p-Cyano-a—nitrocumenes (il). Using the literature 
procedure,163 p-nitrobenzonitrile (14.8 9, 0.1 mol) was 
Subjected, tO reaction With the lithium ssalt of »2-nitro- 
propane (19.0 g, 0.2 mol) in HMPA. The crude product, a 
yellowish solid, was purified by column chromatography on 


neutral alumina using benzene as eluent, and then re- 
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crystallized twice from pentane to give a white solid 
whose physical properties were identical to those re- 
ported for p-cyano-a-nitrocumene: mp 62-63°C (1itl63 
Be 60> C) NMR a CeDel. 6 1.96 NUS, mou Hit a) Ge (im, 45H) 
IR (CHCl3) 4.47 (CN), 6.46 (NO>) um; MS m/e 144, 116, 89. 

Anal. Calcd £0r C19H10N202: ( feisin tee Vola Buy G0 INE 
TAO. ee EOUNGs SC, Oc2n04 a Hy 5230 Ny lal 6 

p= Cyanocumene (ila). Treatment OF p-cyano-a-nitro— 
cumene (3-8 9, 20 mmol) with sodium thiomethoxide (4.2 q, 
60 mmol) in HMpal40 gave a yellow oil which was subjected 
to column chromatography on silica gel (benzene-ether, 
49:1). After removing the solvent, the material was pur- 
ified by gas chromatography using a 10% Ov 101, Chromo— 
sorb WAW DMCS, 10° x 1/4" stainless steel column. The 
colliceved ‘colorless ol) was sp-cyanocumene: | NMR (CDEI 56 
Wee UC TE OPAMP Gee Bh Wy re IS) it es SOG eR 
(meat 4.46 .(CN)sumssMS mZe 145, 130. 

4-Nitrophenyl phenyl sulfone. The synthesis of 
tris scompound, Was Ccanrred out by etreating pp-drnitro- 
benzene (21.0 ¢g,, 0.125 mol) with sodium benzene sultinate 
(3.0nd, 0.140) mol). sun pMmso.163 The resulting brown 
solid) was vecrystallazed three times from absolute 
ethanol to afford an off white solid: mp 141.5-143°C 


(1a l64 40=142°C). 


4-Phenylsulfonyl-a-nitrocumene. 4-Nitrophenyl, 


ca - 

W: Boovl 
oe era _ 
“92 = aS dz’ @65r 
Fai re ; 

elite yn oF are a a 
» 

OP L GOLF dbl. AViLas ay, A cp 
S. iui 8 teteke a 2 

ive 2 wae 

ill @-n-0NOlS-y | IB 10520 5 ”° 

one do ured voAs emer ae ont ent ras ac €.c} : 

ae sare 0p 7\30- Lio alia le. ay Chisgae wi tie 


tee yaad (sh as LeeD oe a rlithorateaianns oacton 3 


<7 aw itierea sda .SeuVicwas 61) =es sea of 
ubhiad (Olas wnt jue civewatesaaghs ep if an 


wis« Csaege ~esin> ga “Ar v AD! Soe a éx68 : 
HA RiPscidnkayes daw oi aGelacias hernel fon’ 
ar, ¢G & Ai ,™ sf’ Tak ¢ * .6i Chal 
or (Az >>: ldo? 40.0 Toe 
2 sate wen aes’ 2 cay ‘(enhansys2y-s 
j wt tyes cae ine? 62 050 SumuReoD vite 


Cm Le ae] eee * ©51,0..0 .c0) sansa 
ipa cawit °"! StwOuk Hee, $eter a 6. fae 
Teor ts ) oz sort 4 § yy rl “gull Jed gyre aw be tee 


- ee ee iG) (S021 BGS i Gputee ge binnagend 


7 shormegwane: #8RRS - 


OS 18 9931-8 ie Ven? ier } j 


: 


,, 
| 


- 


_ 


phenylsulfone (13.5 g, 50 mmol) was converted to 4-phen- 
ylsulfonyl-a-nitrocumene from its reaction with the lith- 
ium salt of 2-nitropropane (9.3 g, 98 mmol) in HMpA.163 
Two recrystallizations of the impure material from 
absolute ethanol afforded a white solid: “mp 118-120°C 
(re 7-117 )e NMReicbet=es sl. 97 Us, monH)y 987. 46— 
le OIN  e)y  eO— Ol 7 (iN Auth ie 

23> Dimethyl—2—(p-benzenesul tony lpheny] )=3-ni1tro— 
burane writ). Using the lateracure procedure,-> 4-phen- 
ylsulfonyl-a-nitrocumene (3.05 g, 10 mmol) was subjected 
to. reaction with the lithium salt of 2—nitropropane (10.6 
Gg, +10; mmol) in EMPA (100 ml). “The. crude product obtain— 
ed from this reaction was recrystallized twice from meth- 
anol to give a white solid: mp 141.5-143.5°C (lit°>3 143- 
TAs oC) NMR (CDCl, ) =6) lo4o SCs eer) ye 40-7). 65 em 55 
Hy oOo. OSI AH). 

Anal. eas fOr CygHo NOZS: CC, 62.25; Hy, 6.05; N, 


LAOS S56 9 62 eee LOUNG sey nO leo Oren; Ob Orme yo «CG aS y 


2, 3-bDimethy l=2— (p-benzenesultonylpheny!) butane 


(Tila). |This compound was Obtained) by “reduction Of 2,3— 
dimethyl-2-(p-benzenesulfonylphenyl)-3-nitrobutane (0.44 
g, 1 mmol) with sodium thiomethoxide (0.26 g, 3.7 mmol) 
in DMF using the method described by Kornblum.149 he 


crude product was recrystallized twice from hexane to 
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give a white solid: mp 76-77°C (1itl49 79.5-80.5°c). 
NDMRgaCGDGi) a0 507 Jen Cy eiGthy) alee lence miGurhj ren) 2 Ona Heel 


a) 7.40-7.63 (m, 5 Hi), I Reet Oy (Tir, 4 Hie 


Ee Methods and Procedures. 


bes Physical Constants. 
All melting point values are uncorrected and were 
obtained with a Reichert melting point apparatus. 
Refractive indexes were measured on a Bausch & Lomb 


refractometer. 


os Microanalyses. 
Microanalyses were performed in the Microanalytical 
Raboratory, Chemistry Department, University of Alberta, 


Edmonton. 


Shr. Spectral Measurements. 

Imi Gated spectra (IR) were recorded onvayPerkin 
Elmer 457° spectropnotometer. | Nuclearm Magnetic Resonance 
(NMR) spectra are proton spectra and were obtained on 
either a Varian Associates A-56/60 A, a Perkin Elmer R-32 
G90 MHZ. Or a Varian HA-100/Digilab — 12° inch Magnet spec— 
trometer. Chemical shifts are expressed in 6 units. The 
following symbols are used to denote multiplicity: 
Singlet, s+ oCublet,,) da; sneptet, he aMultrolecpam.aMass 


Spectra (MS) were obtained using a A.E.I. MS-50 high 
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resolution Mass Spectrometer coupled to a Data General 
Nova 2 DS-50,, with an 10nizing voltage of 70 eV. Gas 
chromatography - mass spectra (Glpc-ms) data were 
obtained using a Varian Aerograph 1400 gas chromatograph 
coupled to a A.E.I. MS-12 medium resolution mass spec- 
trometer with a Data General Nova 3 DS-55. Columns are 


specified in the individual experiments. 


4. Gas Liguid Partition Chromatography (glpc) Analyses. 


Glpc analyses were carried out using a Hewlett 
Packard 5840 A gas chromatograph provided with either a 
normal injector system for packed columns or a H.P. 
18835-B capillary inlet system for capillary columns. A 
thermal conductivity detector was utilized for analysis 
with packed columns, while a flame ionization detector 
was usea in) case Of capillary chromatography. Both’ de—- 
tectors were.coupled to a Hewlett Packard 5840 A terminal 
integrator. 

Tneorder tO quantity the products in reaction mix— 
tures, calibration data were obtained by analyzing mix- 
tures of known composition of standard (s) and authentic 
material (x). Gipe response calibration factors, £ s7x, 
of the standard relative to the product were obtained 


from the equation: 
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where A's represent peak areas, and M's number of moles. 
Under the same glpc conditions as those used to ana- 
lyze the mixtures of known compositions, these factors 
can be used to calculate the number of moles of products 
formed and the number of moles of unreacted material in 


the reaction mixtures: 


moa *Ya() 


The speciiiecations "or ‘the columns fused “throught the 
course of this work are given in the individual experi- 


Mens. 


Su High Pressure Liquid (Chromatography (hple) Analyses. 


Hple analyses were performed with a Perkin Elmer, 
Series 2 liquid chromatograph, supplied with a Perkin 
plmer GC=55B Spectropmotometric UV detector anda 
Ditterential Retractometer Ral. detector, and coupled to 
a Varian CDS 401 Data System. 

Mwoutypes Of columns were used:=) (li) sctarmvess steel 
columns (3.9 mm x 30 cm Ww Porasil, 3000 plates per 
column) and (2) Radial PAK-A reverse phase permanently 
bonded octadecylsilane, compressed by a RCM-100 module. 
The particular type of column, as well as, the standard 
and solvent system used, are specified in the individual 


experiments. As in glpc analysis, quantifications of 
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products were carried out using f£ s/x values obtained 
from mixtures of known composition of standard and 


authentic material. 


Gr General Procedure for Reactions. 

Reaction ampules were Pyrex tubes joined to 10/30 
joints. The ampules were cleaned with chromic acid 
solution, water, concentrated ammonium hydroxide, and 
distilled water, then oven dried at 120°C. The reactants 
were placed in the ampules, degassed by three freeze-thaw 
eyoles ac 2-3 qm, (=198°C), and sealed under vacuum. 

The degassed mixtures were Subsequently allowed to react 


under the desired conditions. 


Cs A General Procedure, for the Reaction ef Nitroalkanes 


With Dri-n-butyl Cin sNydnidesin solvent spenzene. a Re— 
duction (of «2-(Nitrocyclohexy | jisobutyronis tribe (1). 


An aliquot sample (0.5 ml) Of a stock Solution which 
was 0.08 molar in the compound I and 0.024 molar in n- 
undecane (internal standard) was placed in an ampule 
wrapped with aluminum foil. Another 0.5 ml of benzene 
solution of tri-n-butyltin hydride (0.24 molar) was added 
and the ampule was degassed and then sealed. The mixture 


was cubjected to reaction in an orl bath at 90°C, in the 


dark, 
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dark for a standard time (18 h). The ampule was opened 
and analyzed by glpc using a 10% UCON Polar 50 H 2000, 
Chromosorb W. AW 60-80 mesh, 13' x 1/8" stainless- steel 
column. The chromatogram showed 6 major peaks. The 
structures of the compounds related to these glpc peaks 
were established by a comparison of their retention times 
and glpc-mass spectra with those of authentic samples. 
Tpwee of the peaks* correspond) to tri-n-bputyitin nydride, 
tetrabutylstannane, and hexabutyldistannane. Two peaks 
correspond to the starting material and the reduction 
PECOUCt la Quantification of these “peakc againsten= 
undecane afforded 46% of I and 36% of Ia. The sixth peak 
corresponds to the internal standard. 

One or more experiments were carried out to test the 
effect of each cf the following: concentration, of @tri—n— 
buty ltinehydride,, temperature, initiations by light,, benz— 
oyl peroxide, and hexabutyldistannane, inhibition by m- 


di-nitrobenzene and O9- The nesults and specific 


conditions for these experiments are listed in Table I. 


The Reduction of a-Nitrocumene(IV) with Tosa Duty erg 


Hydride, in Solvent Benzene. 

The reactions of a-nitrocumene with tri-n-butyltin 
hydride in benzene were performed under analogous 
conditions to those outlined in the general procedure 


(degassed mixtures thermostated at a given temperature 
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For pele ah pinethesdarkporslight:) & ifherexperiment smwere 
those "designed jtoetest the jeffect of «concentration of 
tel—n-buty Ltinwhydride, ‘temperature, initiation “by 
benzoyl peroxide or light and inhibition by m-dinitro- 
benzene. Analyses were carried out by either glpc 

uSing a 10% UCON Polar, Chromosorb W AW, 60-80 mesh, 13' 
x 1/8" stainless steel column or by hplc using a 10 cm 
Radial PAK-A cartridge (reverse phase permanently bonded 
octadecylsilane) and a 1:1 water-acetonitrile solvent 
system. The structure of the compounds related to the 
peaks observed in the chromatograms were determined as 
indicated in the general procedure. Determination of 
moles of products was done against n-undecane (internal 
standard in glpc) or durene (external standard in 

hple). The results and specific conditions of these 


experiments are listed in Table III. 


Then Requeeiton .OfL p-CyanO-o nit rocumenes (UL) awit sir nS 
butyltin Hydride in Solvent Benzene. 


The reactions Of nitrocompound Ml with etria=n— 
butyltin hydride in benzene were carried out in an 
identical manner to that described in the general 
procedure (degassed mixtures thermostated at 90°C or 38°C 
for 18 h in the dark). These reactions involved test for 
initiation with benzoyl peroxide and temperature 


effect. The reaction mixtures were analyzed by glpc 
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using a 3% OV-101, Chromosorb W AW DMCS, 60-80 mesh, 10' 
x 1/8" stainless steel column. Besides the peaks 
assigned to tin compounds (tri-n-butyitinghydride, 
tetrabutylstannane, and hexabutyldistannane) and internal 
standard (octadecane), two major peaks are observed. 

They correspond to p-cyanocumene (IIa) and” p=cyano—a- 
nitrocumene (II). The yield of these products was 
determined as described in the general procedure. 

Results and specific conditions of these reactions are 


Issted-in Tabde If. 


Reductionvol ep-Cyano-a-nitrocumene withy Tri-n-butyltin 
Hydride in Benzene. A Synthetic Method. 


Agia x ture Sof yp cyano—a—nitrocumenes (8270mg, 1.719 
mmol)),) tri=n-butyltin hydride (1.517 mg, 5.204 mmol), and 
benzoyl peroxide (33.5 mg, 0.138 mmol) in benzene (18 mL) 
was heated to reflux for 18 h under ainitrogen 
atmosphere. The solvent benzene was removed by 
distrilation. 9a dilute solution sof. 1odi ne “in 
diethylether was added to destroy the excess of tin 
hydride. The tin salts present ain themmixture were 
Precipitated as the fluoride Salts = by addition of jan 
aqueous solution of potassium fluoride.!65 The fluoride 
salt was removed by filtration and the organic layer 
washed with an aqueous solution of sodium thiosulphate, 


water, and dried over anhydrous magnesium sulphate. The 
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ether was removed by distillation and the residue, after 
column chromatography (silica gel, pentane), and 
distillation, yielded 187.2 mg (753%) of p-cyanocumene, 
np = 1.5190 (lit 1.519416 ana 1.5196149), nmr (cpc13) 


Ome ee) Wa Cn Out) pa Oe yp eeleon ) el 2 5 — ie Ome Tyme Et ne 


The Reduction of 2,3-Dimethyl-2-(p-benzenesulfonyl- 
phenyJ)j3-=nitrobutane (iil) with Trisn-butyltin Hydride 
in Solvent Benzene. 

The reactions of nitro compound III were performed 
as indicated in the general procedure, except that no 
internal standard was used. These reaction involved test 
for initiation With benzoyl. peroxide;as The reaction 
mixtures were analyzed by hplc using a 3.9 mm x 30 cm u- 
Povcasiis ocvalniess (steel columma( 3000s plates) Sandeang4 3) n- 
hexane-chloroform solvent system. m-Dinitrobenzene was 
used as external standard. The results of these 


experiments are listed in Table II. 
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PART sii 


INTRODUCTION 


Organotin monohydrides have been found to reduce 
aldehydes and ketones to their corresponding alcohols 
uUndgeE Va Variety = Of reactions conditions... Thesesreactions 
were initially reported as soccurning according to the 


following general equation: 


~ 
7 


H 
INA 
C=O + 2R.,SnH C + (R,Sn) (81) 
; “NOH g 


The reduction of these carbonyl compounds was first 
reported by Van der Kerk and Noltes.167 They found that 
triphenyltin hydride could reduce methyl vinyl ketone and 
phenyl vinyl ketone, the products being the alcohol and 
hexaphenyldistannane. Later, in 1961 Kuivilat®8 in- 
vestigated the reaction of benzaldehyde with triphenyl- 
and styi-n—-buity tin ghydride. Sethe “aldehyde swas™reduced™ in 
the absence of solvent by both tin hydrides to yield 86% 
Of sbenzy! ‘alcohol.’ Under icomparablle conditions, 4- 
methylcyclohexanone and 4-tert-butylcyclohexanone could 
also be reduced by triphenyltin hydride to produce the 
alcohols in high yields. In both cases the major product 
was the trans-isomer. The reduction mechanism was re- 


ported to proceed by transfer of hydrogen to the sub- 
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Since then a large number of aldehydes and ketones 
have been converted into alcohols by using different 
trialkyltin hydrides. These include chloral and penta- 
f luorobenzaldehyde, 169-170 aliphaticl/1 and aromatic 
aldehydes.1/1-173 The ketones that have been studied 
include aliphatic,1/1-172,174 carbocyclict/1,175-176 and 
aromatic ketones.169-171 The yields, obtained from the 
requctions Carried out. in, either neat. solutions ‘or in 
solvents, methanol, cyclohexane, lsobutyronitrile, 
toluene, etc., are generally high. Studies on the re- 
acCbivuty Of thestine hydrides: indicated sthar HSnPh3 is 


132,168 while in another study 


more Teactive, than HonBus 
Of tne reduction Of "electrophilic ketones!70 the order of 
reactivity was reported to (be HSnbt, > Hones = HSnbus 
HSnPh3. 

T6eday Lt is *generally vaccepted *that the reduction of 
ketones may occum under ionic ‘or “under "iree-radical 
generating -condations. =) in wboth= cases ethe  processming 


volves a net initial addition of HSnR3 to the carbonyl 


group to generate an alkoxystannane which upon hydroly- 


H H 
HSnR3 Sew EZ Was 


(82) 
“ ~O-SnR3 eS ais 


Z= OH , OR, SnR3 
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Sis, solvolysis or hydrostannolysis gives the corres- 
ponding alcohol. 

Two different mechanistic pathways have been 
Proposed to account for the formation of the alkoxy- 
Stannane,;.a heterolytic and a homolytic pathway... The 
heterolytic mechanism, which involves a hydride transfer, 
was initially suggested by Newmann and Heymann171 ana 


subsequently confirmed by other works.1/70 


+ 
<a Pee 
R,SnH + L£=0 “raw | Ry8n-H-1E0 | (83) 


| | 
R3Snt + H-C-O7 fast H-C-OSnR, (84) 


The heterolytic pathway was proposed to explain the 
observation that the rate of reduction increased with the 
Ineneasing polarity, Of the ssolventrandetiatrelectron. re— 
leasing substituents at tin and electron withdrawing 
substituents a to the carbonyl likewise increased the 
rate of reduction. Reactions conducted in solvent meth-— 
anol in the absence of a,a-azobisisobutyronitrile (AIBN) 
or light were not affected by galvinoxyl. The reductions 
weresalso found to belcatallyzed by 2n€l5 "ang by acid. “In 
the case of ionic addition, the attack of the nucleophile 
determined the stereochemistry of the addition. 

The homolytic pathway has been shown to be catalyzed 


either by light or by AIBN, or inhibited by galvinoxyl, 
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and is proposed to involve a free-radical chain addi- 


ey a 
trons 


=O + -SnR, >C-OsnR, (85) 


A ~OSnR, 


+ -SnR3 (86) 


In this mechanism, the stereochemistry of the products is 
determined during the hydrogen atom transfer. 

More information concerning the free-radical chain 
mechanism has been obtained by analyzing the reactions of 
a-cyclopropyl and a—-cy.clobuty. ketones.178-182 fhe re- 
ducting of. a-cyclOpropy lake tones wwisth trd “nut yantin 
hydride in refluxing methanol leads to the alcohol as 


Gmly product) |S i(eq. 87). 


eon OSnBug 
e€ 
Bee Me + HSnBu3 7oo van Me (87) 


The initial hydrostannation presumably arose from an 
ionic mechanism. However, when the reaction was con- 
ducted in the presence of AIBN or under U.V. irradiation 
followed by methanolysis the product was the open chain 


ketone (eq. 88). 
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1.UV Me (88) 
2. MeOH 
O 


[>-c-Me + HSnBu3 
O 


When cyclopropyl methyl ketone was treated with DSnBu3 


under the same conditions (U.V., methanol) the product 


was the y-deuterated open chain ketone.1/8 


rf 
1,69UV Me 


| >-C-Me + DSnB ae 
i “3 “> MeOH V\ (89) 
O 


NX 


The Opening of «the cyclopropane ring waS inferred to be 


concomitant with the addition of the stannyl radical to 


the carbonyl oxygen. 


be 


R 
mas i V\F (90) 
O 


The rate and direction of ring opening was proposed not 


to be controlled by the relative stability of the ring 
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opened radicals formed but by stereoelectronic factors 
and polar effects!79-180 which governed the relative 
stability of themproposed (transition states, aAtstudy sot 
the reactivity with tri-n-butyltin hydride of two series 
Clcyelopropy liketones) (m= tand posubstreutedmby 2 
phenylacetylcyclopropanes and m- and p-substituted 
benzoylcyclopropanes) under radical generating conditions 
shows positive p values using the Hammett correlation. 
The results were interpreted as consistent with a polar 
transition state for the radical-promoted ring 


opening. 180 


V\/ 


| 
O-SnR3 


Recently the chemistry of trialkyltin hydrides has 
been proposed to involve ‘electron transfer with a variety 
of substrates. Tannerl35 suggested a radical-chain 

mechanism involving electron transfer for the reduction 
of benzyl iodides with tri-n-butyltin hydride in solvent 


benzene. Subsequently, the results of a study of the 
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reduction of methyl iodide by trialkyltin hydrides has 
been likewise interpreted as proceeding by electron 
transfer.183 most recently, Tannerl84 demonstrated el ole Gee 
following the same type of reaction process, the replace- 
ment Of the mitro group in tertiary nitro compounds could 
Dewetfectead by tri-n-butyltin hydride reduction when 
Carried out under free-radical conditions. Since this 
alternative pathway, the electron transfer process, 
appears to be involved in tin hydride reductions, it was 
of interest in light of the newly proposed reaction 
scheme, to reexamine in some mechanistic detail the well 
documented reduction of organic carbonyl compounds by 
these reagents. For this purpose, the reduction of a 
series of six different aromatic ketones and cyclo- 
hexanone by either tripheny! omgtri=n=pbuty tin hydride 
was studied in solvents benzene, acetonitrile and 
methanol. The ketones used in this work were aceto- 
phenone (V); benzophenone (VI), J-—phenyl—s-hexen-l-—one 
(VLD )iasc , ape-trar luoroacetophenone (VELL) »wu-Lluero— 
acetophenone (1X), cyclopropyl phenyl ketone (X), and 
cyclohexanone (XI). The reactions were conducted using a 
standard set of conditions (degassed samples, 61°C, 16 
h), but changing one variable at a time in order to 


establish the applicability of each mechanistic process. 
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RESULTS 


Acetophenone (V), benzophenone (VI), l-phenyl-5- 
hexen-l-one (VII) and a,a,a-trifluoroacetophenone (VIII), 
could be reduced ercher by tripheny) Oretri-n-puty ltan 
hydride, the products being a-methylbenzyl alcohol (Va), 
benzhydrol (VIa), l-phenyl-5-hexen-l-ol (VIIa) and 
@-tbrfluoromerhyibenzyl, alcohol (Villa). Reduction: of 
w-fluoroacetophenone (IX) gave two products, acetophenone 
(V)> and? a-f£lucromethylbenzyl alcohol (Ixa).- Similarly, 
eyclopropy!l phenyl ketone (xX) gave a-cyclopropy ibenzyi 


alcohol (Xa) and butyrophenone (xb). 


e ° 2 9 9 § 
Ph-C-Me Ph-C-Ph Ph-C-~~w Ph-C-CF, Ph-C-CH,F Ph-C~J 


V vl VII VIII IX x 
H OH OH OH OH H 
Ph-C-Me Ph-C-Ph Ph-C“~ Ph-C-CF, Ph-C-CHJF Ph-C~( 
! 
H H H H H H 
Va Via Vila Villa IXa Xa 
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The reductions were effected in solvents of different 
polarity: benzene, acetonitrile, and methanol under a set 
of standard conditions which ensured the decomposition of 
the inatiator, ALBN (ti /2 = 18.) sand thewaba lity, to sdif— 
ferentwate betweenmthe reactivity "or the “two tin hydrides 
(degassed ampules, 6L°C). dark, 116 h)s ~One or amore 
experiments were carried out te test the effect of the 
insiracor (AIBN), “the inhibiter (m=DNB), concentration of 
traphenyiltin hydride, polarity of the solvent, and the 
SCEUGCtUre Ole tne tin hydrides ss Yvelds ob products. and 
unreacted starting materials were determined by glpc. 


The results are listed in Tables V-xX. 


Uninitiated Reactions. Mixtures of ketones and 
Eripienyl OF (tbl-n—buryitin hydride angselvente benzene 
were sOnly Sparingly reactive in= the absence ror aqdi— 
tives. The yields of products in the reductions using 
taipienyltin hydride ranged’ from traces to less than (os 
(Tables V-X, reaction 1 in each table), while the re- 
ductions by tri-n-butyltin hydride atforded less than) 1¢ 
Ofetie —reductsonuproducts (Tables @V—=x, sreaceron, Gein gedch 
tabley. A Simplar pattern was observed for the reduc— 
tions of ketones by triphenyltin hydride in solvents 
acetonitrile (Tables V-VII, IX-X, reaction 10 in each 
table) and methanol (Tables V-VII, X, reaction 14 in each 


table). Exceptions to these general observations were 
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a,a,a-trifluoroacetophenone (VIII) and w-fluoroaceto- 
Phenone (Ix). Ketone Ville qaveralconol Villa in 2l.6e 
yielavin acetonitrile (fable Vill, reaction 10) \and 66.3% 
insmethanol (Table VII, reaction 14). Ketone 1X an 
methanol yielded 41.4% of a-fluoromethylbenzyl alcohol 
(Via) and 523% of acetophenone (V)> (Table ix, reaction 


14). 


Initiation by AIBN. The reactions of ketones with 
triphenyltin hydride in solvents benzene, acetonitrile 
and methanol were unambiguously initiated by the addition 
of small amounts of AIBN (4%) to give a reasonable yield 
of reduction products (Tables V-X, compare reactions 1 
and) 3, 10 and 12, J44and 16 in each table). ~The, change 
in the extent of the reaction of a,a,a-trifluoroaceto- 
phenone (VIII) and w-fluoroacetophenone (IX) in benzene 
was more dramatic since the corresponding reduction 
products were obtained in almost quantitative yields 
(Table VIII-1X,. compare reactions 1 and 3 in each 
table). The. seduction product, Villa, obtained from) che 
reaction of ketone Vill with etrupheny,!cinshydrade vin 
methanol, in the presence of AIBN (4%), was not formed in 
a substantially different yield than that obtained from 
the uninitiated reaction (Table VIII, reaction 14 and 
16). On the other hand, the Uninitiated reaction. oF 


ketone IX in methanol afforded a-fluoromethylbenzyl 


84. 
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alcohol (IXa) and acetophenone (V) in 41.4% and 5.3% 
yield, respectively. When this reaction was carried out 
under similar conditions, but in the presence of AIBN 
(4%), the comparative yields of products were reversed. 
Products IXa and V were formed in 1.8% and 65.8% yield, 
Bespect Velye( Tabplesix,. react rons. l4uand alo)... The 

ii etatbion by AIBN of the reactions with) tri —n-bubyltin 
hydride in benzene is less effective. Most of the 
ketones gave low yields of products, (Tables V-VII,x, 
reaction, 9 in each Cable), with the exception Of a,a,a— 
Emir luoroacetophenone (Vill) awhich sattorded=47.5¢ Of 
alcohol VIIIa (Table VIII, reaction 9) and w-fluoro- 
acetophenone (1X) which gave 55.2% of acetophenone (V) 
CTable Ix, peaction 9). It is Obvious that vwnder the 
experimental conditions used in this work triphenyltin 
hydride is more reactive than tri=n=butyitin hydride. 
When the reduction of cyclohexanone (XI) with triphenyl- 
tin hydride was attempted in solvents benzene, aceto- 
nitrile and methanol, using AIBN (4%), cyclohexanol was 
Optained sin. Low «yield "(<d2). Because Obata mlow Wyaleldeor 
Feduetion product, this ketone was mor further 
investigated. 


The Effect of m-Dinitrobenzene. The uninitiated 


reductions of a,a,a-trifluoroacetophenone (VIII) and w- 


fluoroacetophenone (1X) by triphenyltin hydride in 
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solvents benzene and methanol could be totally or par- 
tially inhibited by the addition of small amounts (6%) of 
m-dinitrobenzene (Tables VIII and IX, compare reactions 1 
and 2 00 and Vi i45 and 15s in each table)... Ketone Ix, 
for example, in solvent methanol in the presence of ie 
dinitrobenzene afforded 39.4% of a-fluoromethyl benzyl 
alcohol (IXa) and only 0.6% of acetophenone. The yields 
of these products in the uninitiated reaction, respec- 
tively, were 41.4% and 5.3%. In the same solvent, 
methanol, ketone VIII yielded 38.7% and 66.3% of alcohol 
Villa, inthe presence jand absence of m-dinitrobenzene. 
The AIBN induced reductions of all of the ketones were 
also inhibited vby m-dinyerobenzene (6%), vand regardless 
of the solvent and the structure of the ketone no re- 
duction products were observed under these conditions 
(Tables V-xX, weactitons 3 and 5:7 Tables: V-V1i,, xX, reactions 
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Competitive Reactions of a,a,a-Trifluoroacetophenone 
(VIII) and w-Fluoroacetophenone (IX) with Triphenyltin 
Hydmides Tne ~welative rates of sthe initiated reaction of 
ketones VIII and IX with triphenyltin hydride were 
obtained from competitive reductions, by determining the 
relative initial and final amounts of each ketone. The 
estimated kyrri/k1x Values Wereuc. 30200. Ol andmo 7 bGe2 


0.33 in benzene and acetonitrile respectively. 
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POolarographic Measurements. The half-wave poten- 
tials obtained from the polarographic current-voltage 
curves for the reduction of thiphenyl—wand =tri—n-buty1— 
stannyl cations to the corresponding stannyl radicals, in 
dimethoxymethane were -1.43 and -1.35 v vs Agt/Ag respec- 
tively. For a,a,a-trifluoroacetophenone (VIII), w- 
fluoroacetophenone (IX) and acetophenone (V), the half- 


wave potentials were -—2.0, —-2.05, and -2.5] v vs Ag '/Ag. 
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DISCUSSION 


The reductions of acetophenone (V), benzophenone 
(VI) and 1l-phenyl-5-hexen-l-one (VII) are seen to occur 


by a free-radical chain mechanism (Scheme 17): 


Scheme 17 


Ceo Teo. te aaa >C-OSnR, (92) 


e744 +2 Sika (93) 


SS 9 
e-OSnR, + HSnR; /\osnr, 


H H 
Ar NR (94) 


In solvent benzene, the ketones V and VI were not 
reduced (Significantly by either triphenyltim hydridesor 
Ei on-buty buim hydridewin) the vabsence Of (anv aniverator 
(Tables V, VII, reaction 1 in each table). Benzophenone 
(VI)*, however, was reduced to a small vextenu (li 54) by 
trapnenyvrin hydride ins the absences oreAlBNwa(lablewy iy, 
reaction, ])). The small amount of uninitiated reaction 
Was Shown to occur by a homolytic process since the 
LOrmation, Of the product was inhibited by im—dinitro— 
benzene (Table VI, reaction 2). The uninitiated re- 
actions are seen to take place not only with benzophenone 


but with the fluorinated ketones VIII and IX (Tables 
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Viri-ix,, reactions lyin each table). ) Bothwor these 
ketones showed inhibition by m-dinitrobenzene when the 
reactions were carried out in solvent benzene (Tables 
ViIt=1%, veaction 2° in each table). However, when VII 
and IX were reduced in the more polar solvent methanol, 
reduction of VITi was only partially inhibited while only 
one of the two products, acetophenone, formed from the 
reduction of IX was Ynhibited (Tables VIILI-iIX, reactions 
14~and 5. in each table). The partial Aanhibirtion 
observed during the reaction of the fluorinated ketones 
in the more polar solvent methanol, suggested the possi- 
bility that two reduction pathways (radical and 
heterolytic) were involved (see discussion pages 98- 
O99). 5 the inhibition OF the uninitraced reductions is 
inconsistent with a hydride transfer process (see page 
AS; Parte [ of this, thesis). * The thermal homolysis of the 
tin-hydride bond (D(R3Sn-H) = 65.0 kcal/mol)1!54 is not 
siqnierecant  Wnder the reaction conditions (61° €) (see 
page 50, Part 1 of this thesis). “By analogy with the 
Proposed =invtelation Step ain the Teductionmer vbenzy1 
iodides!35 and tertiary nitro compounds,185 the 
Invelatlones ten 1Or the tin hydride reductions @orsthe 
ketones which proceeds in the absence of initiator 
presumably occurs by an electron transfer process (eq. 
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ace + HS Pp k _ ne 
[= re NAL Ey © ms C-O + HSnPh, (95) 


The homolytic process initiated by electron transfer 
appears to be more favorable for the more electro- 
negatively substituted ketones. This observation coupled 
with the fact that tri-n-butyltin hydride was less re- 
active than triphenyltin hydride, suggested that the ease 
of initiation and possibly the propagation reaction were 
moderated by the electron donor and acceptor properties 
of the reactants. Although the differences are not 
dramatic, the above observations are in accord with the 
order obtained for the estimated half-wave potentials of 
the ketones and the trialkylstannyl cations. Table XI 
shows that benzophenone (VI) and the fluorinated ketones 
VIII and IX are better electron acceptors than aceto- 
phenone: (V)). Also consistent with the donor-acceptor 
suggestion was the observation that tri-n-butylstannyl 
radical was shown to be slightly harder to oxidize than 
the triphenylstannyl radical (from the measurement of the 
reduction of the cations, A E,/2 = 0.08 v). It is 
Lecogniuzed,. of. course, that the order observed for the 


ease of reduction of the ketones would also be the same 
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Table XI 
Uninitiated Reactions 
Ketone Ej /2 Eines VYieldnorw product sts) 

a a ee ee 
Ph-CO-CH3 (V) ae NENG =2.4 0 
OO (Ayan) = =o. 04 ess) 
Ph-CO-CH3 (VIII) -2.00v 4.4 
Ph-CO-CHoF (IX) -2.05v (Sis 


as that predicted for any of the other proposed 
mechanisms of reduction, although it is not clear that 
the reactivity of the tin hydrides would be in the order 
Found. sinetact, -forsthesheterolytic reductions, the 
order of reactivity of the tin hydrides is reported to be 
reversed.!/° 

The reduction of ketones V-VII with triphenyltin 
hydride in solvent benzene was initiated by the addition 
Of catalytic amounts OfeAEBN (lables V-VEl i reacuionsr 3 
and 4 sin seach stable). » The Wengtht set the ichain could tbe 
ectimatedeas sbe ind 16=24 sunwts tliong) (assumimigwan ebfi 


186 since the addition of 4% of 


clencysot. 0.5 efor ALBN) 
initiator led to the formation of the reduction products 
in 32-47% yield. 


It was expected that the triphenyltin hydride 


on, 


LiegOusrG “sotto Ohi at — 10? hersthew uot 7 
gard’ séuto- 2c Al at Apesdete ,Adi zee 16 tl tna 
gins git 4l 22. fliusests6/ wméeriais sm WH vsevivones <a 
iP, sa attes Aq iviet et. ait 168 .foa? al .Baved 
6° 624 HO29 ng np’ aa fk wn 13 avd tc’ exiles Jones lo sebio) 7 
Oo peessiveel 
Wis lareitiyts Piwebrve at jad te HA tigge sft a 
at; ihe 1 vo) Bereisinl eat “agreed Gaat les al abivbyd 
pooivun 1 eri edinet) Sorks Slice visgtaees aan 
= hee Alp wif is Wwipeet act) giptted apes al + on 
» tnbevser!) acal “heat at et eis’ = none 
16 4 46 af) F1bbR old Sonia WO pure, oh> €,9: 2 Yond | 
Stouhusg 66 ¢ 10 RI, of) 96 Aoi ortOh. Wee ive) GF Goseisial 
ybJ byt no Spawilgiad - oils? Jah, heteagew enw, 22, 


reduction of l-phenyl-5-hexen-l-one (VII) under free- 
radical generating conditions could afford 2-methyl-1l- 
phenylcyclopentanol from an internal attack of the 


transient radical on the double bond as shown in equation 


96. 
H 
coiled. Ph OSnPh, ‘ 
Ph oe i 1. HSnPhg ee 
7 2. HO 


These cyclization processes have been observed in radical 
reactions of substrates of the type 5-hexen-1-x.187 How- 
ever, the anticipated cyclic material was not formed even 
in the reactions where the yields of reduction product 
were relative high (Table VII, reactions 3 and 6). This 
suggests that the cyclization of the alkoxystannyl radi- 
cal has to compete with a much faster process, the hydro- 
gen abstraction from the tin hydride. Apparently the 
transient radical is totally trapped by the tin hydride 
before any cyclization takes place. An estimate of the 
rate of cyclization to the five membered ring of the 
Sstannyikety. can be Obtained from the knowns rate of cy— 
clization (0.9 x 10° sec7!) of the radical generated from 


6-bromo-6-methyl-l-heptene with tri-n-butyltin hydride. 
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Since the cyclization of the 1l-phenyl-5-hexenyl radical 
should occur at a rate <“102 sec! at’ 61°cl88 “in competi-— 
tion with the transfer of hydrogen from tri -=n=buty ein 
hydride (5 x 10/7 mole! sec71 at 100°c)133 and since no 
cyclized material is obtained from the ketone reduction 
Carried out under similar concentration sonttinnege - 
the rate rol ecyclazation must “be <ho02= 103 secs. 
the saddition of -m-dinitrobenzene™= intibited™= totally 
the formation of the products in the AIBN initiated 
reductions (Tables V-V1I1I; reaction 5 in each table). 


Van der Kerk and Noltes reported that the reduction 


of ketones may take place by a two-step process which 


leads to the alcohol and the distannane. 16? 
SS Sse” + (R.Sn) (97) 
yC=0 + 2R3SnH PR 35M), 


However, no compelling experimental data were reported 


for these reductions. 


On the other hand, it is generally accepted that the 
reduction may also occur by a one-step process, the 


product being the alkoxystannane. 
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in the one-step mechanism the final product, the alkoxy— 
Stannane, Can be further solvolyzed to give the alcohol: 
In the two-step mechanism the alcohol is formed by hydro- 
Stannolysis of the alkoxystannane intermediate. The 
stoichiometry for the reductions of ketones V-VII could 
not be unequivocally deduced from the observed yields of 
products, since under the condition that the reactions 
were studied these substrates afforded less than 50% of 
reduction products. However, the intermediacy of the 
alkoxystannane was confirmed by a comparison of the ly 
NMR spectrum of the reaction mixture resulting from the 
reaction of acetophenone (V) and triphenyltin hydride in 
benzene-d¢ with that of an authentic sample of a-methyl- 
benzy! alcohol an the same solvent. | The spectrum of the 
reaction mixture showed a multiplet at 5.14 ppm while the 
authentic material showed a multiplet at 4.63 ppm (A6 = 
O-5i5 ppm). A comparison Of, ene chemi Cale Sh ittsor sa— 
hydrogens Of tri-n-butyltin methoxide and) tri-n-butyitin 
ethoxide with the chemical shift of a-hydrogens of the 
parent alcohols showed chemical shitt dartterences Of A6 
O20 and Ao O.c7 pom. (On this» basic sthe absorption sat 
5.14 ppm in the spectrum of the reaction mixture was 
assigned to the a-hydrogen of the alkoxystannane. 

The reductions of ketones V-VII with tri-n-butyltin 


hydride with added initiator (AIBN 4%) was shown to 
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proceed by a very short or probably non-chain radical 
Process @(TableseV-Vii, ceaction 9 *inaeaech itable). 

In the free radical chain mechanism (equations 92- 
94) the nature of the reaction between the carbonyl 
Substrate wand (thes stannyl» radical to form the salkoxy— 
stannyl radical (eq. 92) has not been unequivocally 
established. A free radical addition has been suggested, 
butwinelight of the mechanistic pathways sinvolving 
stannyl radicals recently proposed by Tannert39/184 ana 


de) S) 


Kochaz an electron transfer process as represented in 


equation 99 can not be ruled out. 


Ne=o + -SnPh, —— Ne-o fe cSh ph ae 


ss) 
Dé —osnPh, ae 
The ketyl radical anion stannyl cation pair thus formed 
could eieeee to form) the incipient <alkoxy vadweal and 
would be indistinguishable from the intermediate formed 
from radical addition. A reduction process occurring by 
such a mechanism should be dramatically affected by the 
polarity of the solvent because of the charge separation 
in the transition state of the rate controlling step. 
However, reductions of ketones V-VII under uninitiated or 
initiated conditions in the more polar solvents aceto- 


nitrile and methanol did not show substantial differences 
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in the yields of products from those observed in the less 
polar solvent benzene (Table V-VII, reactions 3, 12, and 
16 in each table). The foregoing facts apparently 
militate against the occurrence of an electron transfer 
process in the propagation sequence of the reduction of 
ketones V-VII. An analysis of the results of the reduc- 
tion of cyclopropyl phenyl ketone (X) with both tin 
hydrides led to similar conclusions as those arrived at 
from the other ketones V-VII. The AIBN initiated re- 
actions gave both the ring opened product, butyrophenone 
(Xb) and the ring closed material, a-cyclopropylbenzyl 
alcohol (Xa). The products were consistent with either 
an electron transfer-hydrogen abstraction Sequence or a 
Gadical addition process. The overall yireldeot products 
as well as the ratio Xb/Xa did not change dramatically 
regardless of the polarity of the solvent (Table x, 
Beactions 3, 12, and 16). This suggested that the 
reaction proceeded by a short chain radical mechanism 
whieh probably anvolves addition Of sthe sstanny ls) radical 
to the carbonyl oxygen. 

Substieuted: cyclopropyl Ketones shave beens previously 
reduced with tin hydride reagents. These reductions have 
been carried out in methanol on cyclopropyl methyl ketone 
under heterolytic conditions and yielded cyclopropyl- 


carbinol.1/78 When the reductions were performed 
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under homolytic conditions (AIBN initiation) in toluene, 
only open chain ketones were obtained. From the studies 
on the mechanism of the free radical reduction the 
authors suggested that the ring opened product was formed 


by a concerted homolytic process. 180 


of 
3 


Ar 0 7 
Wee a ‘SnR, <> yC—-R’ V/A (100) 


Ar O--SnR 


In accord with these observations the major product for 
reduction of ketone X wasS ring opened material, however, 
minor amounts of alcohol, Xa, were also found. When 

the reduction of ketone X with triphenyltin hydride in 
benzene was carried out with increasing amounts of 

tin hydride relative to ketone, the overall yields of the 
Wroducts were increased and the satio xXb/ xa changed 
from-o.5) tO 2.7 (“lable x, reacelons 3, 6, sand: 7). 


180 it appears that at 


Contrary €© the previous reports 
higher concentration Of tin hydride the radical” formed 
by the addition of the Stannyl radical to the substrate 


can be trapped to give cyclopropylcarbinol at avrate 


competitive with ring opening. The concentration 
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dependence of the product ratio demands that at least two 


intermediates are involved (eq. 101). 


0 OSnPh, elas 


[S-c-ph + -snph, ——- [S-ccph =~ /\/‘pn 


HSnPh, HSnPh, 
CO) 
OSnPh, OSnPh, 
[>-c-Ph /\4 ep 
4 


The fluorinated ketone VIII showed uninitiated re- 
duction in the three solvents used. In the less polar 
solvent benzene the reduction product was totally in- 
hibited by m-dinitrobenzene (TablewtVELL FZ -reactiuons. 1 “and 
2) while in the more polar solvents acetonitrile and 
Meshanol only=partial Sinhlb1 tron occurrede (rable sViliy, 
reactions 10 wand Lin [4 and e1>)) se rhempartialeinhibi tion 
suggested the possibility that with the increasing 
polarity of  thessolvent the reduction 'proceeded™by both 
homolytic and heterolytic pathways. Previous reports for 
reductions of ketones conducted in methanol concluded 


that the reduction products were formed from a hydride 
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transfer process.t/1,175 The AIBN induced reductions of 
a,a,a-trifluoroacetophenone (VIII) carried out in benzene 
by triphenyl- and tri-n-butyltin hydride were shown to 
proceed by longer chains than those observed for the 
other ketones previously investigated. The length of the 
chains in benzene were estimated as being 45-46 and 24 
units long, respectively, since the addition of 4% of 
piittatvor wed to the "formation of the reduction produce 
ime t and 48% yield *(frable Vill reactions 3? and 9). 7A 
comparison of the ly NMR spectrum for an initiated re- 
action of VIII carried out in benzene-d¢ with triphenyl- 
tin hydride with that of authentic a-trifluromethyl- 
benzyl alcohol showed that the final product in the 
reaction mixture was the alkoxystannane. A multiplet for 
the a-hydrogen is observed at 5.17 ppm which can be 
assigned to H-C(CF3)(OSnPh3) (Ph) Since the a-hydrogen in 
the alcohol VIIa shows a multiplet at 4.35 ppm (A6é = 
0.72 ppm). As argued previously the formation of the 
alkoxystannane could ‘be "the result “ol either radical 
addition or electron transfer-hydrogen abstraction. 

The reduction of ketone VIII in acetonitrile did 
show some difference between the uninitiated and the 
initiated reactions (Table VIII, reactions 10 and 12). 
This difference was even less dramatic in solvent 


methanol (Table VIII, reactions 14 and 16). Although no 
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clear cut evidence is at hand, it appears that under free 
radical generating conditions the duality of mechanisms 
observed in the uninitiated reactions disappears and the 
formation of the reduction product occurs only by the 
faster homolytic process. This suggestion is supported 
by the analysis of the results of the reduction of ketone 
IX in solvent methanol. The formation of product IXa in 
the uninitiated reaction was shown by the inhibition 
studies to be the result of a heterolytic process, while 
acetophenone whose formation was inhibited by m- 
Ginitrobenzene arose from a homolytic pathway (Table Ix, 
reactions 14 and 15). However, when the reduction was 
carried out in the presence of AIBN (4%), the reaction 
Fook, an gent irelyodibierent. course andsthe, formation sot 
acetophenone was dramatically increased while the 
heterolytic product IXa was only formed in small amounts 
(1.8%). The above results argued that the defluorinated 
product came from the radical process. 

Two radical chain mechanisms can be envisioned to 
account for the formation of acetophenone. The mechanism 
represented in Scheme 18 involves a radical addition of 


the stanny) radical to the carbonyl -<oxygen. 


The stannylketyl radical formed by addition of the 
stannyl radical to the substrate may undergo Lewis acid 


assisted B-scission,!89 the radical fragment being a 


LOO 
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Scheme 18 
7 OSnPh, 
FCH,-C-Ph + -SnPhg FCH,-C-Ph 
OSnPh, OSnPh, 
PCHeaC=Ph ee Eee Gen 


eas HSnPh, 


or 


RH + -SnPh, 


Bee So Phe eon Gi, 


O 


OSnP 
soins 


! 
FCH,-C-Ph + 2HSnPh, ——* CH,=C-Ph + Hy + FSnPhg (106) 


(102) 


(103) 


(104) 


(20'S) 


fluorine atom. The high reactivity of F-: and the ease of 


hydrogen abstraction from tin hydride necessarily should 


lead to the formation of HF which subsequently reacts 


with another molecule of triphenyltin hydride to produce 


H» and triphenyltin fluoride.!99 In this mechanistic 


sequence the formation of the alkoxystannane requires at 


least 2 moles of triphenyltin hydride for each mole of 


starting material. 


The second mechanistic pathway involves an electron 


transfer from the stannyl radical to the ketone as shown 


in Scheme 19. 
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Scheme 19 
o 4 
FCH{-C—Ph + SnPh, (07) 


i 
FCH,-C-Ph + ‘SnPh, 


O- O° 
FCH,-C-Ph ——+ F' + CH,=C-Ph (108) 
a 1 ve 
CH,=C-Ph + HSnPh, Chia. Cc] Lima ‘SnPhg (109) 
2 ESSE ie ie ie ee ren 


O 
FCH,-C-Ph crass sl Weis ame CH,-C-Ph + FSnPh,~ (110) 

In this mechanism acetophenone can be formed in 
yield higher than) 50% from a 1s) stoichiometric re— 
Pationship. 

A 1H NMR examinaton of a reaction mixture Clee eemoue 
Gatio) OL w-Lluoroacetophenone and triphenyltin hydride 
in the presence of AIBN (4%) in solvent benzene-d¢ showed 
that the final product was acetophenone (s, 2.13 ppm) 
since no indication of vinyl protons was observed. Glpc 
analysis of this mixture revealed that acetophenone was 
formed sin SO0seyield,. On» thesother “hand, when. the ani — 
tiated reaction of IX in solvent benzene was subjected to 
analysis for the formation, molecular hydrogen, non— 
condensable gases were found to correspond to only 4-7%, 


the amount of nitrogen produced from the decomposition of 


Ee ol Moc acon. 
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The observations that the reduction of ketone Ix 
gave acetophenone and not alkoxystannane in high yield 
(PS0t3 ae a 1sl “stoichiometric ratio Of JX. and tin 
hydride) that no hydrogen was produced during the re- 
action, and that the production of acetophenone was the 
Eesult OL “a radical Chain process, argued that the 
mechanism was indeed the electron transfer process 
depicted in Scheme 19. Although no clear evidence is at 
hand, it seems likely that the reduction of the even more 
electronegatively substituted ketone VIII proceeds by the 
same mechanistic pathway. This conclusion was further 
substantiated by carrying out competitive reactions of 
ketones VIII and IX with triphenyltin hydride under 
initiating conditions in solvents benzene and aceto- 
nitrile. The competitive reactions showed a substantial 
solvent effect and the values of the relative rates 
Kyrri/Krx Paster one and acetonitrile were, respectively 
2.30 and 9.86. This observed solvent effect is con- 
sistent with an electron transfer process which should 


depend heavily on the polarity of the solvent. 
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EXPERIMENTAL 


1 Nes Materials 


n-Tridecane (99% pure) and n-heptadecane (99% pure) 
(Aldrich Chemical Co.) were used as purchased. 

ipebisternt —butyitbenzenes(AldrichwChemicalseCco. )awas 
recrystallized from ethanol-hexane: m.p. 77-78°C (1itt59 
SOmC) §The material was shown by glpc (FFAP 10%, 
Chromosorb W AW DMCS, 5' x 1/8" column) to be >99% pure. 

ieisn-buty it imehydrider(Alfaskesearche Chemicals and 
Materials) was distilled and the fraction 68-74°C/0.3 mm 
was collected. 

Triphenyltin hydride, tetrabutylstannane, and hexa- 
butyldistannane (Alfa Research Chemicals and Materials) 
were used as purchased. 

Benzoyl peroxide (Fisher Scientific Co.) was 
puuitted=eby reerystallizavrronstrom dichloromethane— 
methanol: m.p. 102-105°c (1it!>> 106°C). 

a,o'-Azobisisobutyronitrile (Aldrich Chemical Co.) 
Was “ecrystallized fromeetnanol—water:s m.p.2 10d S102" C 
(ae v8 oC). 

Cyclohexanone (British Drug Houses), cyclopropyl- 
phenyl ketone (Aldrich Chemical Co.) and butyrophenone 
(Matheson Coleman & Bell) were used without further 
pUritications. | Benzophenone (Ff ishersscientiticeCo.) was 


recrystallized from ethanol: m.p. 47-48°C (1it}55 
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48.1°C). Acetophenone (Fisher Scientific Co.) was dis- 
tilled at 93-95°C/10 mm (1it1°5 202.6°C/760 mm). 

Benzhydrol (Koch-Light Laboratories Ltd.) and a- 
methyl benzyl alcohol (Aldrich Chemical Co. )jiwere sed as 
purchased. Cyclohexanol (Mallinckrodt Chemical Works) 
was heated to reflux over freshly ignited calcium oxide, 
distulled ate 153°C/700 mm, sands stored over molecular 
Sieves 4 A, 

Benzene (Caledon Laboratories Ltd.) was purified as 
indicated in part one of this thesis and stored over 
molecular sieves 3 A. 

Acetonitrile (Caledon Laboratories Ltd., HPLC grade) 
was stored over molecular sieves 3 A and used without 
huUmthen, DUT EIicatiron. 

Absolute methanol (Terochem Laboratories Ltd.) was 
dried by treatment with magnesium activated by iodine and 
stored over molecular sieves 3 A. 

Mei=n-butyltin methoxide. "This compound was pre- 
pareds fromm the’ reaction Of) tri-n-butyltin ichilomiude 
(10 g, 30 mmol) with a methanolic solution of sodium 
methoxide (0.8 gq of sodium wire an 20 ml of “absolute 
methanol).192 Distillation “Clr chescrude: PrOduCumatee.on 
1.6 6/022 Samm (1itl92 101°C/2 mm) gave a colorless liquid: 
NMR (CDC13) 6 0.65-1.8 (m, PL sys, Soke: (si 2S) 10s 

Anal. Calcd for C13H390Sn: C, 48.63; H, 9.41. 


Found: C, 48.94; H, 9.54. 
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Dricn=butyltinvethoxide = (This compound was made as 


described for tri-n-butyltin methoxide, except that the 
solvent used was absolute ethanol. The crude product was 
distilled atve972C/ii mete givesa colorless oul: = NMR 
CDG We pat o0 GSI Cae min eZee) pl eS. sO pees oI )hiis okt SB y ane 
H). 

AnadwoesCalcd sfior C1 4H320Sn: Cy DO SSH; 9362. 
Hound mac, 5.0.2 )\- eH 29.69". 

Hexaphenyldistannane. Using the literature pro- 
cedure, 193 anhydrous stannous ‘chloride (3.8 Gg, 30.02 mol) 
was subjected to reaction with phenyllithium (0.06 mol). 
Antether ssolutienmof (eripheny Wein chloride O/a1g 010.102 
mol) was added and the reaction mixture heated to reflux 
form's ‘ns “Two recrystallizations#ol the crude produce 
from benzene-ether gave a white solid: m.p. 233-234°C 
(1itt93 229-231°C). 

a,a,a-Trifluoroacetophenone (VIII). This ketone was 
Obtained by wineating etrifluorodcetic acid —34.2ug, 03 
mol) with an ether solution of phenylmagnesium bromide 
COs9 nolan G00 em? solution).194 The crude product, a 
yellowish oil, was “distilled twice, Vand the fractionso7— 
70°C/30 mm collected (1lit!9° 75°C/37 mm): IR (neat) 5.78 
(CO) um; MS m/e 174, 105. 

a-Trifluoromethylbenzyl alcohol (Villa). This 
material was prepared by the reduction of a,a,a-tri- 


fluoroacetophenone with lithium aluminum hydride in 
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ether. Distillation of the crude product at 58°C/2.3 mm 
gave a colorless oil, which was further purified by gas 
chromatography using a 10% FFAP, Chromosorb W AW DMCS, 
Oe x / 4A Stainless: ‘steellcolumn:. | NMR (CDE15)6m2 195 ad; 
ET) ea ae (My SIGs, ai. CO- 7F15O( Tl pee Om HE aEMS amen, 7 Geel Og. 
i=Pheny l-o-hexen-l-oli(Vilajee The synthesic of this 
alcohol was carried out by adding benzaldehyde (9,0 g, 
0.085 mol) to an ether solution of 4-pentenyl magnesium 
bromide (from 12.5 g (0.085 mol) of 1-bromo-4-pentene and 
2.1 g (0.086 mol) of magnesium in 250 ml of ether).196 
The impure material obtained from this reaction, a 
eollornless) 01), awaswdistid led twice and! the fraction 76— 
92°C71 mm collected: ~ NMR (CDE1 3) 6 20-2 1 (Gs oe, 
aos Viste PAM sy rein Blogs (ier A Biel) iim Cuts ey Ss oie, Cia) Sa el ea t/ Sale 
7740) Gn, > tH) s MS m/erl7iG, Losey ean. 
1-Pheny1-5-hexen-l-one (VII). This ketone was pre- 
pared by oxidation of the preceeding alcohol (3.0 g, 
0.017 mol) with manganese dioxide (15 g, 0.17 mol) in 
pentane. 196 After the inorganic material was removed and 
the solvent evaporated, the residue was purified by 
Vacuum dlStillation and the fraction 75-77 °C/73. mm (1itt96 
Ti=7ecCC/3 mm). Was collected: = NMR (CDGI- ess 60-222 Aan, 
APH 295 0 (te Oe liye eo 4 One a pee Hh epe ey ioc O.ci— (re ORCI 3 
H) 27 ..90-2.00N(m js 2H) el Re(neat) 5.93 3(CO)s im; MS ome 
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2-Methyl-1l-phenylcyclopentanol. This tert-alcohol 
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was prepared by the Grignard reaction of 2-methylcyclo- 
pentanone (2% qi, 10.02 mol).197 Thespunttication,) of. the 
Crude product was carried out by vacuum distillation 
(115-118°C/10 mm, 1it!97 124-127°C/14 mm) and then by gas 
chromatography using a 10% FFAP, Chromosorb W AW DMCS, 5! 
x 1/4" stainless steel column: NMR (CDGTR ecm 0642 d785 
Hye 2a 25m (MnCl), 8 2700) Le Hs eM Gm Gr 
S870 18s, 22072 105. 

FlhUOrOaCet1Cvacid.s )Fluoreacetamide (50g, 0.650 mol) 
was converted to fluoroacetic acid using the method re- 
ported by Buckle,198 but a mixture of nitric oxide and 
nitrogen dioxide was used rather than nitric acid and 
arsenous oxide. After the excess nitrous fumes were re- 
moved, distillation at ordinary pressure (160-—162°C) gave 
422) (83.%,) 106. the product: NMR (CDC13) Gee O04) (dye) bed 
AW) -aCDSt) pel tO Swanley). 

Fluoroacetyl chloride. This material was prepared 
From clucroacetuic acid) (695g, —0.5n mol)@andra7a,a—ter1— 
chilorotoluene: (108) og; 0.55 mol) ine the presence of a 
Catalytic) amount Of Zinc chloride.199 The crude product 
of the reaction was distilled at ambient pressure and the 
fraction 69-73°C collected. A second distillation at 70- 
yee (litt? 7l.5-72.0°C) gave 40.5)9)(942) of fluoro— 
acetyl chloride, a colorless oil: NMR (CDG) or eed Ul Ge EP 
Ju 48e0p cos) TRe(neat), 5x51) s(CO) 7 a1 370 7e(C Claim. 


U-Plucroacetophenone: (Ixos,  USing thes literature 
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procedure,299 this ketone was prepared from fluoroacetyl 
chlorides (38. 60q;," 0-40) mol) and benzene, (39 ml )ednethe 
presence Ofvaluminum trienloride (120) o).") The reaction 
crude was distilled at 70-72°C/1.5 mm (1it299 65-70/1 mm) 
to give a colorless liquid whose physical properties were 
consistent with w-fluoroacetophenone: mp 26-27°C (1it 299 
Ziel ONC) NMR ACCDEIANS 6a be 57e d ae2t Had 47 Se cps) ,m 736 
Se elOs(n,* OH) Fat Ree neat) p58 om CO). aime MSem/en sepa 05. 

a-Fluoromethylbenzyl alcohol(IXa). This compound 
was prepared by reduction of the preceeding ketone with 
lithium aluminum hydride in ether. In the distillation 
of the crude product, the material boiling at 95-99°C/8 
mm was collected (1it291l 97-102°C78 tm): NMR (CDCI.) 6 
Se boreS 7 ley <4 Orn (Myo) tip) 4 OCS a On ieee eu 407, 
i207 Olds 

a-Cyclopropylbenzyl alcohol (Xa). This alcohol was 
obtained by reduction of cyclopropyl phenyl ketone with 
lithium aluminum hydride aneether.s Theyverude product was 
adistailled,y and thentractionm129-132°C¢ 16 ommpcollected: 
NMREICCDET Aro 10. 2—1riGea( See) mez 20) Bs ie) ae LOR dt 


Hi) pa. Obey Srl): 
Ba Methods and Procedures 


Physical constant measurements, microanalyses, 
spectral measurements, and gas Liquid partle1on 


chromatograph analyses were carried out using the same 
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instruments described in Part I of this thesis. 

In addition to those, 1!H-NMR high resolution spectra 
were obtained using a Bruker WH 400 high field cryo- 
spectrometer. Gas chromatography-infrared spectra (Glpc- 
IR) data were obtained using a Nicolet 7199 FT-IR 
interfaced to a Varian series 3700 gas chromatograph. 
Polarographic measurements were carried out using a EG & 
G Princeton Applied Research Model 174-A polarographic 
analyzer coupled to a X-Y recorder model RE 0074 and to a 


EG & G model 303 static mercury drop electrode. 


Cy A General Procedure for the Reaction of Ketones with 


Organotin Hydrides. ~The Reduction, of Acetophenone 
(W)Dwath ripheny tiny dydnidemin Solvent Benzene. 


An aliquot. sample (0.2 ml) offal stock solution which 
was O.1 molar in ketone V and 0.042 molar inj n-tridecane 
(internal standard) was placed in an ampule wrapped with 
aluminum fol. Another aliquot (0.2 ml) of a benzene 
Solution of tripheny tin hydride (0.1) molar) “and. AIBN 
(0.004 molar) was added. The ampule was degassed by 
three freeze-thaw cycles and then sealed under vacuum. 
mMhe mixtuce was thermostated im an oll (bath at 61°C for a 
standard time (16 h) in the dark. The ampule was opened 
and the reaction mixture analyzed by glpc using a 10% 


FFAP, Chromosorb W AW DMCS 60-80 mesh 5' x 1/8" stainless 
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steel column. The chromatogram showed three major 
peaks. The structure of the compounds related to these 
peaks was established by a comparison of their retention 
times, glpc-mass spectra, and glpc-IR with those of 
authentic samples. The first peak corresponds to the 
internal standard. The other two peaks correspond to 
acetophenone (V) and a-methylbenzyl alcohol (Va). 
Quantification of these peaks against n-tridecane 
aLtorded 49.7%, of. Vv. and, 46 5¢.08 (Va. 

Duplicate experiments using ketone V, were carried 
OUGs too test. they ertect) Ofseachs Of the following: | concen— 
elation) OL triphenylein hydride, anitvation by, driferenc 
COnCentbLations Of “ALBN, Inhibition by m-dinitrobenzene, 
structtire of the hydride, and polarity of the solvent. 
The results and specific conditions of these experiments 


ares lasted inn Tab Lem. 


D. Reduction of Other Ketones by Organotins Hydrides 


Experiments at the standard conditions specified in 
the general procedure (61°C, 16 h, dark, degassed 
ampules) were: also ;arrved out (to test thes effect or the 
concentration of the hydride, initiation by AIBN, 
inhibition by m-dinitrobenzene, structure of the hydride, 
and polarity of the solvent in the reduction of each of 


the following ketones: benzophenone (Vi) l—pheny 1-5— 
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hexen-l-one (VII), a,¢@,a-tritluoroacetophenone (VIII), u- 
fluoroacetophenone (IX), and cyclopropyl phenyl ketone 
(X). In all cases the initial concentration of ketone 
waS c.a. 0.1 molar. All glpc analyses were performed 
using 10% FFAP, Chromosorb W AW DMCS, 60-80 mesh, 5' x 
17/8" stainless steel columns. The structure of the 
compounds related to the peaks observed in the chroma- 
tograms was established as indicated in the general 
procedure. Determination of moles of products was done 
against an internal standard. The results and specific 


conaitrons are listed in) Tables VI to xX. 


Ee Competitive Reaction of a,a,a-Trifluoroacetophenone 


and “j-Fluoroacetopnenone wither tphenyltinghydride. 


a,a,a-Trifluoroacetophenone (1.0 mmol), w-fluoro- 
acetophenone (1.0 mmol) and p-di-tert-butylbenzene (0.3 
mmol) were accurately weighed into a volumetric flask and 
diluted to 10 mi with benzene.” Triphenyitinm hydrides (1.0 
mmol) and AIBN (4 x 10-2 mmol) were weighed into another 
volumetric flask and the mixture diluted to 10 mi with 
benzene. An aliquot (0.3 mL) of each solution was 
pipetted into a reaction tube. The reaction vessel was 
degassed, and sealed and the mixture allowed to react at 
61°C for 3.5 h. The product analysis was effected by 


glpc using a FFAP 10%, Chromosorb W AW DMCS, 68-80 mesh, 
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5' x 1/8" stainless steel column. A competitive reaction 
of these two ketones was also carried out in identical 
manner in solvent acetonitrile. The relative rates 
Kyrp1/kt1y in each solvent were estimated from the 


equation: 


(aces CF,COPh aston sane 

——.- + EO 

Kyrry - log area’ standard area Standard 
Kr (ee CH.FCOPh area a 
log — 2 ff 

area’ standard area? standard 


where the superscripts o and f refer to the areas in the 


initial mixture and the final reaction mixture. 


Fe Polarographic Measurements. The Reduction of 


Triphenyl and Tri-n-butystannyl Cations in 


Dimethoxyethane. 


Polarographic measurements were carried out in a one 
compartment glass cell provided with dropping mercury 
electrode (DME), a reference electrodes [0 Ul MVAgeLO; in 
dimethoxyethane (0.1 M BuyNCl04)/Ag wire] and a mercury 
pool counter electrode. The reference electrode made 
electrical contact with the cathode environment via a 
glass frit. The solution containing Ph3Sn*ClO,” was 
prepared by reaction of triphenyltin chloride or hexa- 
phenyldistannane with silver perchlorate. 292 Hexaphenyl- 


distannane (70 mg, 0-1 mmol) was dissolved in 10 mL of 
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electrolyte solution (0.1 M tetrabutylammonium per- 
chlorate in dimethoxyethane). Silver perchlorate (8.3 
mg, 0.04 mmol) was dissolved in 10 mL of electrolyte 
solution. The two solutions were mixed and then filtered 
under a blanket of N5. An aliquot of the filtrate (10 
mL) was placed in the polarographic cell and Triton x-100 
added. The mixture was purged with dry nitrogen (8 | 
min). The dc polarographic current-voltage curve was 
EecOLded Jat a rate of 5° mv per Ss from an initial 
potential of -0.7 volts. Bu3Sn* Clo4” was generated by 
mixing electrolyte solutions (0.1 M tetrabutylammonium 
perchlorate in dimethoxyethane) Of hexa-n—butyldistannane 
(1.5 x 1072 M) and silver perchlorate (6 x 10-3 M). No 
Suppressor (Triton X-100) was usedyto record the dc 


BeOlarographic, CcuGbrent—VOl tage scunve. 
G. Polarographic Reduction of Ketones. 


The current-voltage curves for the polarographic 
reductions of acetophenone (V), a,a,a-trifluoroaceto- 
phenone (VIII) and w-fluoroacetophenone (IX) were 
obtained from electrolyte solutions (0.1 M tetrabutyl- 
ammonium perchlorate in dimethoxyethane) of each ketone 
(1072 M) by using the cell previously described. The 
half-wave potentials estimated from the current-voltage 


curves were -2.5l v, -2.0 v and -2.05 v 
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vs Ag*/Ag ror the ketones V, Vill and 1X “respectively. 


He Analysis of Non-condensable Gases in the Reduction 


of w-Fluoroacetophenone (IX). 


An aliquot sample (1 mL)’ of a stock Solution of 
ketone IX in benzene (0.1 M) was placed in a break seal 
tube. Another aliquot (1 mL) of a benzene solution of 
tEiphenyltin hydride (0.1) M) and AIBN) (0.004 MM) was 
added. The tube was degassed, sealed and the mixture 
aulowed: GO. react, at 61°C for 16 eh. ihe: reaction: mixture 
was frozen and the dead volume evacuated in a ultra high 
vacuum line. The seal was then broken and the non- 
condensable gases transferred uSing a Toppler pump to a 
bulb of known volume. The temperature and the pressure 
of the gases were measured and the number of moles 


estimated from the ideal gas law equation. 
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